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TeH^eHUHH  pa3BHTHH  CHJIOBOrO  npOTHBOSopCTBa 
l|HBHJIH3aUHH  21  BeKa  H  OnaCHOCTb  fl^epHOH  BOHHbl 


CHJIOBOe  npOTHBoSopcTBO  KaK  npOTHBopeHHBoe  ejjHHCTBO 
nOJIHTHKH  H  BOOpyJKeHHOrO  HaCHJlHH. 

E.G.  Nikitenko 

Ministry  of  Defence ,  Moscow 

IIpHMeHeHHe  BOeiHIOH  CHJIbI  AJIH  AOCTH5KCHHH  nOJIHTHHeCKHX 

uejieH  -HBJieHHe  HCTopiraecicoe.  Bo  Bee  BpeMeHa  sto  6biJio  cBjnaHO  c 
HacHJineM,  k  kotopoh  npnGerajiH  fiojihthkh,  Kor^a  Apyrne 
HeBoeHHbie  (jjopMbi  h  cnoco6bi  He  npHBOAHJTH  k  HyxcHOMy  pe3yjibTaTy. 

BoeHHaa  cmia  Bcer/^a  npeACTaBjnuia  co6oh  opraHH30BaHHoe 
npHMeHeHHe  BOOpy>KeHHbix  chji  /yia  Aocra>KeHHa  onpeAejieHHbix 
nOJIHTHHeCKHX  H  BOeHHbIX  IjeJieH  B  CHJIOBOM  npOTHB06opCTBe.  Ha 
npoT«>KeHHH  TbicaneneTHH  BoeHHaa  nojiHTHKa  BpaacAyiomHX 
rocy^apcTB  CTpomiacb  Ha  ocHOBe  KOH^pOHTaqHOHHoro  npHHunna, 
KOTOpblH  o6bIHHO  Tpe60BajI  MHOrO  BOHCK  H  BOOpy>KeHHH.  3a 
AJIHTeJIbHblH  HCTOpHHeCKHH  nepHOfl  npOHCXO^HJia  3B0JB014H5I  (j)OpM  w 
CnOCo6oB  npHMeHeHHa  BOeHHOH  CHJIbI,  MHOrOKpaTHO  MCHHJIHCb  HX 
co^ep>KaHHe  h  3HanHMOCTb,  OAHaKO  bo  Bee  BpeMeHa  maBHbiM  ee 
HHCTpyMeHTOM  H  ABH>KymeH  CHJIOH  6bIJIO  Opy>KHe.  He  H3MeHHJTOCb  3TO 
nonoKeHHe  h  Tenepb. 

PaCCMaTpHBafI  CHJIOBOe  npOTHBOfiopCTBO  KaK 
lipOTHBOpCHHBOe  e/IHHCTBO  nOJIHTHKH  H  BOOpyHCeHHOrO  HaCHJIHfl, 

BnOJIHe  JlOrHHHO  HCXOAHTb  H3  TOrO,  HTO  ^Jlfl  KaJK/JOH  BOK)K)lHeH 
CTOpOHbi  (J)opMyjia  BoeHHow  CHjibi  bo  Bee  BpeMeHa  npeACTaBJisuia 
co6oh  cyMMy  A»yx  rjiaBHbix  B3aHMOCBsi3aHHbix,  ho 
npoTHBonoJiowHbix  no  HanpaBJieHHio  BCKTopoB  achctbhh: 

B03aeHCTBHe  Ha  npOTHBHHKa  aeMOHCTpaUHefi  CHJIbI  hjih  cbohmh 
cpeacTBaMH  nopa>KeHHJi  (BeKTop  HacnrynaTejibHOH  hjih  yaapHOH 
cocTaBJunomen); 

3amnTa  cbohx  bohck  h  o6beKTOB  ot  aghctbhh 
(nopa>KeHHH)  cpe/jcxBaMH  npOTHBHHKa  (BeKTop 

o6opOHMTeJIbHOH  COCXaBJlHK>meH). 

O^HaKO  b  uejwx  6ojiee  rjiy6oKoro  CHCTeMHoro  ana.iina 
pojin  opyacnn  b  CHJIOBOM  npoTHBo6opcTBe  ycjiOBHo  pa3AejiHM  ee 
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Ha  HeTblpe  B3aHM0CBH3aHHbIX  COCTaBJIHIOmHX,  KOTOpbie  Bcecua 
6buiH  h  ocxaioxcn  ee  HenpeMeHHbiMH  3JieMeHTaMH: 

nopaxfcenue  eoucK  u  oObexmoe  npomuenuKa; 

3au(uma  ceoux  bouck  u  odbexmoe  owi  nopacttceHun, 
ececmopoHuee  odecnenenue  deucmeuu  bouck  cmopon; 
ynpaenenue  cunaMu  u  cpedcmeaMu  e  Boopyofcennou 
6opb6e. 

B  xaKOH  nocjieAOBaTejibHocTH  nonbixaeMca  npocjieAHXb 
BJIHflHUe  Opy>KHH  (BOOpyjKeHHH)  Ha  4>OpMbI  H  CnOCOSbl  CHJIOBOrO 
npoTHBo6opcTBa,  npOHAfl  nyxb  no3HaHHa  H3  ncxopHHecKoro 
npouiJioro,  qepe3  AencxBHxeJibHOcxb  Hacxoamero  b  6jiH>KaHmee 
6yaymee.  Bee  sxh  cocxaBJiaiOLAne  b  KOMruiexce  aBJisnoxca 
coAep>KaHHeM  BoeHHoro  HacnnHH  h  BecbMa  xecHO  CB*i3aHbi 
Me>KAy  co6oh. 

n03HaHH5I  3aBHCHMOCXH  (J)OpM  H  Cn0C060B  BeAOHHB 
BOHH  H  BOOpy>KeHHbIX  KOH(j)JIHKXOB  OX  HMdOmeXOCfl  Opy>KHB 

Heo6xoAHivio  npeac^e  Bcero  ncxoAHXb  H3  AoexnrHyxoro  ypoBHa 
3KOHOMHKH  H  HayKH,  OKa3bIBaK)inHX  HanSoJIbUiee  BJlHHHHe  Ha 
pa3BHTHe  BOOpy>KeHHH  H  BOeHHOH  tcxhhkh. 

BcKpbixHK)  3xnx  3aBHCHMocxeH  cnoco6cxByex  xax>Ke 
no3HaHne  B3aHMOCBH3H  Meacay  bohhoh  h  nojinxmcon, 
ocxaiomenca,  Ha  Haul  B3rAsiA,  Hen3MeHHon  no  othouighhk)  ko 
BCeM  BOHHaiYI  H  BOOpyaceHHblM  KOHC|)JinKTaM,  HMeBUIMM  MeCTO  B 
AJiHTejibHoii  HCTopnn  «AOHAepHoro»  nepnoAa,  He3aBncnMO  ot 
ypOBHfl  pa3BHTHH  BOOpyHCeHHH.  ECJIH  3Xa  B3aHMOCBB3b 
oxcyxcxByex,  xo,  bhahmo,  penb  ha^x  y>Ke  He  o  BOHHe,  He  o 
BoeHHOM  KOH(j3JiHKxe,  a,  CKOpee,  06  3AeM.eHxapHOH  BOopy>KeHHOH 
CXbIMKe. 

•IlojiHTHKa  (no  Kjiay3eBnuy  -  pa3yM)  nopoacAaex  Boiniy 
(no  Kjiay3eBimy  -  opyAne). 

•riojinTHKa  ecxb  HenocpeACTBeHHaa  npnHHHa,  BoeHHoro 
Hacixme  -  cjieACXBne. 

•Ooahxhkb  ecTb  coAepacaHne,  a  BoeHHoe  Hacnjine 
(JjopMa. 

•BoftHa  —  3to  TaKoe  o6mecxBeHHoe  HBJieHne, 
no.fiHTHHecKoe  coAepacaHHe  rcoxoporo  BbiCTynaex  b  (JiopMe 
BoopyjKeHHoro  HaciuiHH. 
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•IIoJiHTHKa  cJ)opiviHpyeT  uejiH  bohhbi,  a  BoopyaceHHoe 
HacHJiHe  BbicxynaeT  KaK  cpeACTBO  hx  aocthjkchhh. 

•BOHHa  eCTb  npOTHBOpeHHBOe  eAHHCTBO  iiojihtmkh  h 
BoopyaceHHoro  Hacnnia. 

Bo  Bcex  3thx  3aBHCHM0CTHx,  KaK  bhaho,  opyacwe  Boo6me  He 
ynoMHHaeTca  h  HaxoAHTca  KaK  6bi  3a  Ka/j,poM.  Xoth  6e3  npHMeHeHHH 
Opy>KH5I  BOHHa  HeB03M0)KHa,  OHO  He  HrpaeT  CaMOCTOHTeAbHOH  pOJIH  B 
AOCTH>KeHHH  peJieH  6e3T>HAepHOH  BOHHbl.  Bo  Bcex  npOIHJIblX  H 
HacTOsnpHx  BOHHax  c  npHMeHeHHeM  odbiHHbix  cpe^CTB  nopa>KeHHfl 
BOHCKa,  BJia^eiOmHe  3THM  Opy)KHeM,  ABAHIOTCfl  HHCTpyMeHTOM  B 
pyKax  nojiKOBo^ueB,  BeAymnx  k  AOCTH>KeHHK)  onepaTHBHbix, 
CTpaTerHnecKHX  h  nojiHTHHecKHX  uejien. 

Bee  BOHHbl  H  BOeHHbie  KOH(j)AHKTbI,  HMCBIUHe  MeCTO  V/KC 
nocjie  nepBoro  h  noKa,  k  cnacTbio,  e^HHCTBeHHoro 
HeJieHanpaBJieHHoro  npHMeHeHHH  H^epHoro  opyaenn  —  aTOMHoii 
6oM6ap^npoBKH  ropoAOB  flnoHini  —  XnpocHMbi  h  HaracaKH  b 
1945  roAy,  ueoGxoAHMo  paccMaTpHBaTb  bo  B3aHMHOH  cbh3h  c 
HajiHHHeM  BAepHoro  opy>KHA  Ha  ruiaHeTe.  3to  opyawe  yace  He 
HaxoAHTca  3a  KaApOM,  a  BbixoAHT  Ha  nepeAHHH  njiaH  h  b  KopHe 
MeH5ieT  caMy  BOHHy,  BoeHHoe  HCKyccTBo,  a  rjiaBHoe,  pa3pyinaeT 
H  B3aHMOCBA3b  MOKAy  BOHHOH  H  nOAHTHKOH. 

•BoiiHa  c  npHMeHeHHeM  HAepHoro  opyaenn  b  kohchhom 
HTore  Hen36e>KHO  npnBeAeT  k  yHHHToaceHHio  noAHTHnecKoro 
CTpoa,  nopoAHBuiero  ee. 

•B  BOHHe  c  npHMeHeHHeM  HAepHoro  opyaenn  (JiopMa 
BoopyaceHHon  6opb6bi  yHHHToacaeT  ee  coAepaeaHne. 

•HAepHan  Bonna  npeACTaBJineTCH  KaK  TOTajibHoe 
BoopyaceHHoe  Hacnjine  He  TOJibKO  HaA  BoioiomHMH  CTopoHaMH,  ho 
h  HaA  ocTaAbHbiM  HenpnHacTHbiM  k  Hen  HeAOBenecTBOM. 

•B  HAepHOH  BOHHe  BOopyaceHHoe  HacnAne  nepecTaeT  6bm> 
CpeACTBOM  AOCTHaceHHH  nOAHTHHeCKHX  neAen. 

KaK  (j)opMa  BOOpyaceHHoro  HacuriHH  AfoGaa  BOHHa  HMeeT  cbokd 
OTHOCHTeJIbHyK)  CaMOCTOHTeAbHOCTb,  CBOK)  BHyTpeHHIOK)  AorHKy 
pa3BHTHfl.  OHa  OKa3bIBaeT  BAHHHHe  Ha  BCe  CTOpOHbl  o6meCTBeHHOH 
>kh3hh  rocyAapcTB,  npHHHMaiOLUHx  b  HeH  yHacrae,  Bbi3biBaeT 
CyipeCTBeHHbie  H3MeHeHH5I  B  nOAHTHKe,  3KOHOMHKC,  AyXOBHOH  ACH3HH 
aioach,  BAHaeT  Ha  3KOAorHHecKwe  h  AeMorpa(j)HHecKHe  npoijeccbi  He 

TOAbKO  BOIOIOIAHX.  HO  H  pflAa  ApyrHX  TOCyAapCTB,  Aa>Ke  He  HMeiOlAHX 
HenocpeACTBeHHoro  OTHomeHUH  k  bohhc.  IIpHHeM  3to  bahahhc 
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coxpaHHeTca  K3K  b  xofle  caMOH  BOHHbi,  TaK  h  nocae  ee  OKOHwaHHA  b 
BHfle  nocjieACTBHH. 

CHCTeMHbiH  anajin3  hctophh  «flOHflepHoro» 
nepHoaa  bohh 

npHMeHCHHe  BOeilHOH  CHAbI,  CHAOBOH  nOAHTHKH  BO  BCe 
BpeMeHa  Bbi3bmaAO  He0AHO3HaHHoe  noHHMame  3Toro  npouecca 
KaK  cpeAH  ee  ctopohhhkob,  TaK  h  cpeAH  ee  iipothbhhkob.  M3 
Me>KAVHapoAHOH  npaKTHKH  BHAHO,  MTO  BoopyA<eHHoe  HacHAHe 
OCymeCTBAHAOCb  C  pa3AHHHbIMH  peAAMH.  B  6oAblUHHCTBe 
CjiyqaeB  3TH  UeAH  AOCTHTaAHCb  arpeCCHBHbIM  nyTeM  H  HMejTH 
3aXBaTHH4eCKMH  xapaKTep.  OAHaKO  B  HCTOpHH  HMeAH  MeCTO  H 
Apyrne  ueiin  npHMeHeHHA  BOopyAceHHbix  cha  BOCCTaHOBAeHHe 
enpaBeAAHBoeTH,  HaKa3aHHe  arpeccopa  h  Ap. 

CHCTeMHbiii  ana.im  hctophh  bohh  noica3biBaeT,  hto  b 
«AO«AepHbiH»  nepnoA  nepeflOBaHHe  bohhm  h  MHpa  na  3eMAe  omao 
ecTecTBeHHbiM  h  Aa*e  b  k3koh-to  Mepe,  hphbwhhwm 
COCTOHHHeM.  BoHHbl  npaKTHnecKH  HHKOTAa  He  npeKpamaAHCb, 
HMeAH  CBoe  pa3BHTMe  h  c  ApeBHeHiiiHX  BpeMeH  ao  HauiHX  Awen 
ywe  npouiAo,  no  KpaflHefi  Mepe,  weTbipe  noKOAei-ma  bohh  h 
BOeHHbIX  KOH<j)AHKTOB.  OcHOBHbie  py6eACH  CMeHbl  TAKHX 
nOKOAeHHH  COBnaAaiOT,  TAaBHblM  o6pa30M,  C  HCTOpHHeCKHMH 
KaMeCTBeHHbIMH  CKAHKAMH  B  pa3BHTHH  3KOHOMHKH,  KOTOpbie 
npHBOAHAH  K  nOABAeHHK)  HOBbIX  BOOpyACeHMH,  a  3TO  npHBOAHAO 
K  cMeHe  (J)opM  h  cnoco6oB  BOopyAceHHoro  hachaha. 

BMecTe  c  TeM,  HCTopniecKHii  onbiT  ySeacaaeT,  hto  Aiooaa 
BOHHa,  HOATOTOBKa  k  Hen  h  oco6chho  AHKBHAauHH  ee 

nOCAeACTBHH  B  OOII.IIIHHCTBC  CBOCM  BOlBpama.IH  BOeBaBUiyiO 
cTpaHy  Ha  6oAee  HH3Kyio  crynciii.  pajBimiA. 

HcTopna  cBHAeTeAbCTByeT,  hto  no  KpafiHeH  Mepe  neTbipe 
npoiueAiuHX  iiOKO.ieHHH  bohh  othochtch  k  «AoaAepHOMy» 
nepnoAy  H  Bee  ohh  6biAH  MHCTpyMeHTOM  noAHTHKM,  ee 
npoAOAweHHeM  chaobwm  cnocoSoM.  YA<e  6oAee  50-th  act  mm 

>KHBeM  B  TOTOBHOCTH  BeCTH  BOHHy  nATOTO  nOKOACHHA  a  3TO 
AAepHaA  BOHHa,  h  OHa,  BnoAHe  noHATHO,  moacct  6biTb  nocAeAHen 
B  3TOH  3BOAH3UHH  B  CAyHae  ee  pa3BA3bIBaHHA.  TaKAA  BOHHa 
HeMHHyeMO  BbiuiAa  6bi  sa  paMKH  nopoAHBiueH  ee  hoahthkh  h 
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npuBejia  6bi  k  KOHLjy  bcjikoh  hojihthkh  h  k  KaTacTpo(j)HHecKHM 
nocjieacTBHHM  Ha  HauieH  njiaHeTe. 

B  HCTopHnecKOM  njiaHe  BOHHbi  nepeoro  noicojieHHH 
(ApeBHwe  BoiiHbi)  eme  He  hochjih  apKO  BbipaaceHHoro 
nojiHTHHecKoro  xapaicrepa.  Hx  arieAyeT  othgcth  k 
pa6oBJia,aejibHecKOMy  h  (j)eoAajibHOMy  nepno^aM  o6mecTB  c 
npHcymHM  hm  caa6biM  pa3BHTHeM  np o H3B o  actb a .  Boopy>KeHHoe 
HacHJiHe  ocymecTBJiajiocb  maBHbiM  o6pa30M  c  uejibio 
B3aHMHOrO  yHHHTO>KeHHH  npOTHBo6opCTByK>mHX  BOHCK, 
cocToaiqHx  H3  nexoTbi  h  KOHHHqbi  h  ocHameHHbix  jiniiib 
xoaoAHbiM  opy>KHeM.  Ilo6e^HTejiH  3aBjia^eBajiH  BceM,  hto 
npeACTaBjiaJiocb  hm  i^eHHbiM,  a  no6e>KAeHHbix,  KaK  npaBHJio, 
yHHHTO)KajiH  hum  npeBpamajiH  b  pa6oB. 

Ha  onpeAejieHHOM  3Tane  hctophh,  cBfljannoM  c  poctom 
npOH3BOiIHTeJIbHOCTH  Tpy^a,  B03HHKH0BeHHeM  HaCTHOH  eoScTBeHHOCTH, 
KJiaccoB,  BoopyaceHHoe  naen.iue  nepecTajio  6biTb  npocTO 
yHHHToaceHHeM.  Oho  Bonjioiaajio  b  ce6e  KaK  6bi  cahhctbo 
yHHHT0>KeHH5i  h  npHHy>KAeHHH  h  cTaJio  npnoSpeTaTb  6ojiee  BbipaaceHO 
nojiHTH*iecKHH  xapaKTep.  Y>Ke  BOHHbi  nepBoro  noKOJieHHa,  HecMOTpa 
Ha  npHMHTHBHOCTb  Hcnojib3yeMbix  Boopy^ceHHH,  cnocoSoB  MX 
nonroTOBKH  h  BeneHHa,  6biJiH  ny>KHbiM  HejiOBenecKOH  npHpoAe 
cpencTBOM  ocymecTBjieHHa  hojihthkh  rocnoACTByiomHX  KJiaccoB. 
y HHHTo^KeHne  HejiOBeKa  nejioBeKOM  hochjio  xapaKTep  ecTecTBeHHOH 
Heo6xoHHMOCTH.  Bojiee  jipyx  thchh  JieT  HejioBenecTBO  cymecTBOBaao 
Ha  H^ee  repaKJiHTa  o  tom,  hto  BOHHa  —  TBopeq,  Hanajio  Bcex  BeiaeH, 
a  ApHCTOTeJIb  CHHTaJI  BOHHy  HOpMaJIbHbIM  CpeHCTBOM  HJIfl 
npno6peTeHHa  co6ctbchhocth.  Bhahmo,  3th  AOBOAbi  H  5bIJ1H 
noao>KeHbi  b  ocHOBy  toto,  hto  BOHHbi  npHo6pejiH  peryaapHyio 
yCTOHHHByiO  (JjyHKHHIO  HapOHHOH  >KH3HH,  XOTH  TpyAHO  COTJiaCHTbCH  C 
n0H06HbIMH  HOBOAaMH  KaK  OTHOCHTeJIbHO  HCTOpHHeCKHX  BpeMeH,  TaK 
h  b  Hame  BpeMH. 

TeM  He  MeHee,  b  hctophh  6bui  h  TaKOH  nepHOA,  Korna 
eme  He  6biao  KJiaccoB,  a,  3HanHT,  bohhh  b  tot  nepHOA  He  motjih 
6biTb  npoAOJi>KeHHeM  hojihthkh.  3to  6biJio  3JieMeHTapHoe 
HacHJiHe  b  BHAe  CTbmeK  c  xojioAHbiM  opy>KHeM  b  npeAKJiaccoBbiH 
nepHOA,  ho  HMeHHO  oho  y>xe  b  nepBo6biTHoo6mHHHOM  CTpoe  h 
CTano  npeAnocbiAKOH  bohh  nepBoro  noKOJieHHa. 

<Popivfbi  h  cnoco6bi  BeAeHHH  bohh  BToporo  noKOJieHHH 
o6ycjiOBJieHbi  pe3yjibTaTOM  pajBiniia  MaTepnajibHoro 
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npoHinoiiCTBa,  noflBJiCHiieM  nopoxa  h  r.iaflKOCTBOJibHoro 
Opy>KHH. 

Hape3Hoe  cTpenKOBoe  opy)KHe  h  Hape3Haa  apTHiurepna, 
o6naAaK>u;He  6oJibiueH  AaJibHOCTbK),  CKOpocTpejibHOCTbio  h 
TOMHOCTbK),  npHBeJIH  K  nOflBJieHHK)  BOHH  TpeTberO  nOKOJieHHH. 

npHHHTHe  Ha  BOopyweHHe  aBTOMaTHHecKoro  opy>KHfl, 
TaHKOB  6oeBbix  caMOJieTOB,  noaBJieHHe  hobwx  MomHbix 
TpaHCnopTHblX  CpeACTB  H  TeXHHHeCKHX  CpeACTB  CBH3H  HOBJIHfUIH 
Ha  cTaHOBJieHHe  h  AaubHeHiuee  paaBHTHe  h  Hbine  He 
npeKpamaiouiHXca  bohh  neTBepToro  noKOJieHHH. 

AHajiH3Hpy»  onbiT  jioKaJibHbix  bohh  h  BOopyweHHbix 
KOH(|).flHKTOB,  HMeBUIHX  MeCTO  TOJlbKO  3a  noc.ne/iHHe  50  JieT, 
mowho  o6HapyjKHTb  CMeHy  saifOHOMepHOCTH  b  pasBimui 
BOopyaccHHHt  nJMBHbiH,  nocTeneHHbifi  3bojhouhohhmh  npouecc 
pa3pa6oTKH  h  MO/iepiiHiaiHiH  H3BecTHbix  bhaob  BOopy*eHHH 
Haiaji  ycTynaTb  MecTO  cKa'iKooSpajuoMy  hx  oSHOBJieiimo. 
Oco6eHHO  3TO  HaiPJio  CBoe  Bbipa>KeHHe  b  tom,  hto  b  3tot 
nepnofl  noflBHjrocb  He  npocro  HOBoe  opy>KHe,  a  uejibie  6oeBbie 
CHCTeMbi,  cnoco6Hbie  BbinoJiHflTb  Te  3a,aaHn,  KOTopbie  paHee 

B03JiaraAHCb  b  ochobhom  Ha  >KHByfo  CHJiy. 

HanpHMep,  b  bohhc  b  Kopee  (1950-1953  rr.)  6bmo  "pHMeHeHO  9 
paHee  Hen3BecTHbix  biwob  opywHfl.  B  BOHHe  bo  BbeTHaMe  (1964-19/3  rr.) 
T3KHX  BHAOB  6blJ10  V*e  25.  B  BOHHaX  H  KOHlj>JlHKTaX  H3  EjIHXCHeM  BoCTOKe 

(1967  1973  1982  1986  rr.)  —  okojio  30.  A  b  bohhc  b  30He  IlepcHACKoro 
BajiHBa  (1991  r)  —  CBbiiue  100.  EesycjroBHO,  noaBjieHne  hobux  biwob 

opyjKHfl  npHBOAHiic  jiHiBb  K  H3MeHeHHio  (|)opM  h  cnoco6oB  BOopyweHHOH 
6opb6bi,  HO.  kbk  npaBHJio,  He  MeHBJio  caiuy  BOHHy,  h  oHa  He  BbixoflHjia  sa 
paMKH  MeTBepToro  noKOJieHHH. 

OpOAOJ15KeHHeM  HayHHO-TeXHHHeCKOH  peBOJlIOUHH 
nocJieAHHX  40-50  JieT  b  bochhom  AeJie  HBHJiocb  paiceTHO-HAepHoe 
opyacHe,  cTaBiuee  6a3oii  bohh  nsrroro  noKOJieHHH,  KOTopbie,  KaK 
yace  oTMenaJiocb,  3a  HCKJHoneHHeM  aTOMHOH  6oM6apAHpoBKH 
AByx  ropoAOB  flnoHHH  b  KOHue  Bxopoii  Mhpoboh  bokhw  b  1945 
roAy,  k  cnacTbio,  eme  He  B03HHKaJiH.  XapaKTepHOH 
OC06eHHOCTbK)  pa3BHTHH  BOeHHOrO  HCKyCCTBa  B  3TOT  HA^pHblH 
nepHOA  HBHJiocb  CHH>KeHHe  HHTepeca  k  o6biHHOMy  opy>KHio 
oco6eHHO  onepaTHBHO-CTpaTerHHecKoro  Ha3HaneHHa.  B  nepHOA, 
KorAa  cTaBKa  AeJianacb  JiHiub  Ha  AAepHoe  opy>KHe,  oho 
nepecra.no  nrpaTb  cboio  ponb.  HacTynwA  AOCTaTOHHO 
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AJlMTeJlbHblH  nepHO/J  3aCT05I  B  pa3BHTHM  o6bIHHbIX 
BbICOKOTOHHbIX  CHCTeM  HaBeACHHH  Ha  60JlbUIHe  A^JlbHOCTH,  H 
BOo6me  B  C03AaHHH  ^aJTbH060HHbIX  CpeACTB  nOpa>KeHH5I, 
cnoco6Hbix  tohho  nopa>KaTb  qeAH  o6biHHbiM  opy>KHeM.  J\n% 
HAepHoro  opy>KHB  bmcokoh  tohhocth  He  Tpe6oBajiocb. 

Cjie^yer  noAHepKHyTb,  hto  b  nomiax  scex  «AOHAepHbix» 
noKOJieHHH  rjiaBHbiM  o6beKTOM  nopaweiiiifi  HenpeMeHHO  obi.m 
BOOpyaceHHbie  CHJibi  IipOTHBOSopCTByiOmHX  CTOpOH,  T.K.  TOJlbKO 
nocjie  hx  pa3rpoivia  h  noJiHoro  yHHHTOHceHHH  mohcho  6biJio 
OKKyrmpoBaTb  TeppHTopmo,  pa3pyuiHTb  3KOHOMHKy,  CBeprHyTb 
nOJlHTHHeCKHH  CTpOH  npOTHBHHKa  H  AOSHTbCH  no6e^bI.  B  BHAy 
Toro,  HTO  o6bIHHbIX  Cpe^CTB  MaCCHpOBaHHOTO  B03ACHCTBHH 
OAHOBpeMeHHO  no  Been  TeppHTopHH,  BoeHHbiM  h  rpa>KAaHCKH  m 
oGbeKTaM  He  cymecTBOBaAO,  to  AOCTH>KeHHH  KpynHbix 

pe3yjibTaTOB  npnxoAHJiocb  bccth  AJiHTejibHbie  HacTynaTejibHbie 
onepauHH  onepaTHBHO-CTpaTemHecKoro  MacnjTa6a  maBHbiM 
o6pa30M  cyxonyTHbiMH  rpynnnpoBKaMH. 

TaKHM  o6pa30M,  bo  Bcex  noxoAeHHHx  bohh 
«A05iAepHoro»  nepno^a  3th  3aAann  kslk  npaBHJio  peuiajiHCb 
jiHiub  b  xoAe  OKKynaqnH  TeppHTopHH  npOTHBHHKa  h  ueHOH 
orpOMHbix  noTepb  >khboh  CHJibi. 

CHJIOBOe  npOTHBOSopCTBO  B  paKeTHO-HAepHblH  BeK 

B  paKeTHO-HAepHblH  BeK  Bee  pe3KO  H3MeHHAOCb  H 
nepBooHepe^HbiMH  o6beKTaMH  nopa>KeHHH  MoryT  CTaTb  He 
TOJlbKO  BOOpy>KeHHbie  CHJibi,  HO  H  npaKTHHeCKH  BCH  TeppHTopHH 
h  Bee  HacejieHHe  BoioioiqHx  ctopoh  oAHOBpeMeHHo,  a  TOHHee  — 
apeHOH  BOeHHbIX  ACHCTBHH  B  paKeTHO-HAepHOH  BOHIie  CTaHOBHTCH 
bch  nJiaHCTa  3eiMJia,  ee  oiceaHCKiie  h  MopcKiie  aKBaTopnn, 
B03AyuiH0-K0CMHHeCK0e  npOCTpaHCTBO. 

B  cHJiy  Toro,  hto  HAepHaa  BOHHa  crajia  Boo6me  HeB03M0HCH0H. 
to  HMeHHo  OHa  h  Aajia  Ha  AOJirwe  roAbi  >KH3Hb  “xojtoahoh  bohhc”. 
CeiiHac,  nocjie  ee  oKOHnaHHa,  npeAnpHHHMaiOTCH  nonbiTKH  Hafira 
BbIXOA  H3  TyriHKOBOH  CHTyaqHH,  B  KOTOpOH  OKa3aJIOCb  HaKOnjieHHOe  B 
orpOMHbix  KOJiHHecTBax  HAepHoe  opy)KHe.  CrpeMJieHHe  pa3ABHHyTb 
3aBecy  Boopy>KeHHoro  HacHJiHH  6yAymero  HBjiaeTCH  HenpocTon 
3aAaneH.  3to  CBH3aHO  c  KapAHHajibHbiMH  nepeMeHaMH  b  bochhom 
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nJiaHHpOBaHHH,  BOeHHOM  HCKYCCTBC  H  BOCHHOM  CTpOHTeJIbCTBe,  M 
3Aecb  HeAonycTHMbi  HHKaKHe  npocneTbi. 

Ecah  B  npouiJibix  BOHHax  AOHflepHoro  nepwoaa  Aaace 
KpvnHbie  npocnerbi  b  bochhom  niaimpoBaHHH  mojkho  6biao  ncn- 
paBiiTb  wa  nojie  6o«  h  SesycAOBHO,  tojibko  KpoBbio,  h  npuneM 
HeMaJioii,  to  b  BOopyaceHHOH  6opb6e  Syayiuero  tto  hckawhcho, 
T.K.  MOweT  6biTb  cBfljano  c  npoHrpbiuieM  bohhm  b  uejioM. 
Cewnac,  Koraa  hact  cowhhc  BoopyweHHbix  Cha  Pocchh,  xoraa 
pa3pa6aTbiBaioTca  Aonrocponubie  BoeHHo-TexHMMCCKne 

nporpaMMbi,  oco6eHHO  uennbiM  HBnaeTca  "P°™0CTHMeCK°e 
BHAeHwe  bohh  SyAymero,  cxaweM,  nepe3  15-20  h  OoAbine  a 
3to  hco6xoammo  3HaTb  ywe  ceroAHfl,  t.k.  hmchho  ceroAHH 
cAeAVer  saKAaAbmaTb  b  nponsBOACTBO  h  6yAymee  opywHe  h 
co3AaBaTb  TaKHe  BoopyweHHbie  Cham  PO,  KOTopbie  oyAyx 
cnoco6Hbi  BecTH  BoopyweHHyio  6opb6y  h  bohhm  PyAymero. 

B  3toh  CBH3H  BoenHaM  Teopna  pa3paoaTbiBaeT  h 
HCCAeAyeT,  a  Bocimaa  npaKTMKa  npoBepaeT  KOHiienuHH  bohh 
uiecToro  hokoachha,  b  KOTopbix  pewaiomaa  poAb  otboahtca 
ywe  He  >khboh  cHAe,  He  aAepHOMy,  a  BbicoKOTOHHOMy  o6biHHOMy 
OPV*HtO  H  OpyVKMK)  Ha  HOBbIX  <t»H3HiecKHX  npHHUHnax.  3th 
BHAbi  opyJKHH  npHMepno  Hepe3  15-20  act,  enoAHe  BeponTHO, 

BbITeCHBT  HbIHeiUHHe  MHOrOHHCAeHHbie  oCmeBOHCKOBbie 
(bopMHpOBaHHH  H  0K0HH3TeAbH0  CACAAIOT  IICHyVKHblM  HAepHOe 
opyacwe,  bo  bchkom  CAynae,  paspyuiaT  tot  ycAOBHbiH  6apbep, 
KOTOpbIM  AAHTeAbHOe  BpeMIT  paSAC.IH.IOCb  Sl.icpiioe  H  O  bIHHOe 


opy5KHe. 

Co3AaBaeMbie  Ha  ocHOBe  aocthjkchhh  coBpeMeHHOH 
HayKH  o6b!HHbie  BbicoKOTOHHbie  cpeACTBa  no  cbohm 
nopaacaiomHM  bobmokhoctam  ywe  ceflqac  npH6AH*<aK)Tca  k 
aAepHOMV  opyKHio,  ho  o6AaAaiOT  BecbMa  ueHHbiM 
npeHMVmeCTBOM  —  OTCyTCTBHeM  3KOAOrHMeCKHX  nOCAeACTBHH 
nocae  ero  npHMCHeHna,  mto  noAHocTbio  MeHaeT  xapaKTep 
B03M0)KHblX  BOHH  H  BOeHHbIX  KOHf|)AHKTOB.  BoHHbl  UieCTOTO 

noKOAeiiHH  cKopee  ecero  He  6yayT  HOCHTb  AAHTCAbHbiH  aaTHJKHOH 
xapaKTep,  h  Becb  npouecc  BoopyaceHHOH  6opb6bi  oyAeT 
npoTeKaTb  cKopo  reMiio,  no  aaicoiiaM  h  npaenAaM,  KOTopbie  6yAyT 
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HUBsoaHbi  cMJibHeiiuiiiM  —  Tew,  kto  b  nanoo  ii.rneii  cTeneHH 
nO^rOTOBHJICfl  K  TaKlIM  BOHIiaM. 

Ho  ao  Tex  nop,  noKa  GyAeT  coxpaHATbca  h  HAepHoe  opyaoie,  3th 
HOBbie  BHAbl  o6b!MHOTO  BbICOKOTOHHOrO  Opy>KHJI  B  COBpeMeHHbIX  BOHHaX  H 
KOH<|)AHKTax  6yAyT  cnoco6Hbi  HaHecm  nopaaceHHe  HAepHbiM  cwjiaM  h 
cpeACTBaM ,  a  TaK>xe  rpa>KAaHCKHM  oGbeKTaiw  aTownon  3HepreTHKH  ctopoh, 
hto,  b  cbojo  onepeAb,  mo>kct  cTaTb  AeTOHaTopoM  h  AAepHOH  BOHHbi  hah 
HAepHoro  nopaaceHHH  THna  HepHoGbiAbCKoro.  Kpoiwe  HAepHOH  rpa>KAaHCKOH 
TexHOAornn  b  Han6oAee  pa3BHTbix  cTpaHax  hmciotch  TexHoaornn  h  cncTeMbi, 
CBH3aHHbie  C  BbICOKHM  pHCKOM,  06AaAaK)lAHe  3KOAOTHMeCKHM  H  COlJHaAbHblM 
noTeHHHaAOM  KaTacTpoij).  B  cjiynae  BoiiHbi  c  ynacTHew  tbkhx  rocyAapcTB 
BoioiomHe  CTopoHbi  Bp«A  ah  GyAyT  CAepwcHBaTb  ce6a  ot  HaHeceHna 
BbicoKOTOHHbix  yAapOB  no  TeM  o6i>eKTaM,  KOTopbie  n  MoryT  CTaTb 
HCTOHHHKOM  He  TOAbKO  GOAbIHOH  pa3py UJHTeAbHOH  CHAbI,  HO  h  3apaa<eHHfl 
paAHOaKTHBHWMH  H  XHMHHeCKHMH  BeiAeCTBAMH  B  KOHHeHTpaHHHX,  HaMHOrO 
npeBbiuiaiomHx  AonycmMbie  aah  neAOBeKa  HopMbi.  YH3BHMocTb 
BbICOKOpa3BHTbIX  CTpaH  B  CAyHae  AaACe  BOHHbi  C  npHMeHeHHeM  oGbIHHbIX 
CpeACTB  nopa)KeHHA  HBAHeTCH  o6T>eKTHBHOH  AeHCTBHTeAbHOCTblO.  Ohh  He 
MoryT  GbITb  )KH3HeAe«TeAbHbIMH  B  yCAOBHAX  AK)6oH  BOHHbi.  Cennac 
npaKTHMecKH  Bee  pa3BHTbie  HHAycTpnaAbHbie  CTpaHbi  MoryT 
4)yHKHHOHHpOBaTb  TOAbKO  B  yCAOBHHX  MHpa.  HHKaKHe  BOOpyJKCHHbie  CHAbI  H 
co3AaHHaa  hmh  oGopoHa  He  b  coctohhhh  oGecneHHTb  >KH3HecnocoGHOCTb 
3THX  CTpaH  B  yCAOBHHX  BOHHbi. 

OGbeKTHBHo  cymecTByeT  cniyauHa,  KorAa  npn  hbahhhh  HAepHoro 
OpyJKHH,  MAepHbIX  H  XHMHHeCKHX  o6beKTOB  3KOHOMHKH  AaHCe  oGbIHHaH  BOHHa 
AioGoro  MacuiTaSa  mojkct  CTaTb  npHHHHon  HAepHoro  hah  HHoro 
KaTacTpo<|)HHecKoro  nopaaceHHH  HeAOBenecTBa  h  noTOMy  TaKace  CTaHOBHTcn 
HenpHeMAeMOH  KaK  HHCTpyMeHT  npOAOAHCeHHH  nOAHTHKH  BOeHHbIMH 
cpeACTBaMH.  H  ecAH  TaKaa  bohha  Bee  ace  HanHeTCH,  to  b  xoAe  ee  CTopoHa, 
HMeioinaji  Ha  BoopyaceHHH  BbicoKOTOHHoe  opyacne,  HenpeiweHHO  GyAeT 
HanocHTb  yAapbi  npeacAe  Bcero  no  Ba>KHeHLLiHM  KAioneBbiM  oGbeKTaiw  Ha  Been 
TeppHTOpHH  npOTHBHHKA,  T.K.  TOAbKO  TBKHM  nyTCM  OHa  GbiCTpO  H 
3(j)4>eKTHBH0  Ao6beTca  CTpaTerHHecKHX  pe3yAbTaTOB. 

B  CAyHae,  ecAH  Boioiomne  CTopoHbi  6yAyT  cnocoGiibi  Becm  bohhm 
pa3Hbix  noKOJieHHH,  to  CTopoHa,  BeAymaa  BOHHy  mecToro  noKO.ienHH,  cboh 
nepBbiH  MaccHpoBaHHbin  yaap  BbicoKOTOHHbiMH  cpeACTBaMH  oneBHAHO  HaHeceT 
no  BOHCKaM  h  cpeACTBaM  oTBeTHoro  yAapa  npoTHBHHKa,  a  3aTeM  yAapaM 
noABeprHyTca  h  Apyrne  o6beKTbi  h  tieAH  Ha  ero  TeppHTopnn.  y HHHToaceHHe 
BOOpy>KeHHbIX  CHA  npoTHBHHKa,  C03AaHHbIX  AAfl  BCACHHA  npOLUAOH  BOHHbi, 
ocTaHeTca  aah  CTpaHbi,  cAeAaBHien  CTaBKy  Ha  BbicoKOTOHHoe  opyncne, 
KOHeHHOH  CTpaTernnecKOH  qeAbK)  BOHHbi.  Apyraa  CTopoHa,  He  roTOBan  k 
TaKOH  BOHHe,  6yAeT  BbmyacAeHa  AencTBOBaTb  CTapbiM  cnocoGoiw  h  en  HHHero 
He  ocTaHeTca,  KaK  nepenTH  cbohmh  MHoroHHCAeHHbiMH  cyxonyTHbiMH 
BOHCKaMH  K  o6opOHe  H  HeCTH  3HaHHTeAbHbie  nOTepH,  XOTH  npH  3TOM  eH 
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M0>KeT  H  He  npoTHBOCTOflTb  cyxonyxHbin  npoTHBHMK.  OH3  6yaex  6e3ycneujHO 
Z™  cxaBKy  Ha  coBMecxnb.e  aencxBHa  paaiHHHbix  bmob 
BOonvxeHHMX  chjt  h  poflOB  bohck  k  hoctobhho  OKHAaxb  OnaronpHaxHoro 
MOMeHxa  nxo6bi  npuMeHHXb  cboh  cxpaxernnecKHe  cpeacxBa,  6yaex 

boxmoxchocxh  Beaenn*  B03flyuiH0-Ha3eMHbix,  " brx°PvCnKapoB  no 

cnajKeHufi  onepauHH,  HaHeceHH*  omeBbix  n  MeKxpoHHbix  yaapoB 
HaaeMHbiM  rpynnnposKaM  npoxHBHHKa,  bucvikh  cbohx 7^”“ 
Hacxefi  b  ray6HHy  pacnono>KeHHa  npoxHBHHKa.  OflHaKO  xanoro  xoaa 
BOopyweHHoii  BOHHbi  Boo6me  Mowex  He  6bixb. 

Ecjih  npoaHaJiH3HpoBaTb  cmyaiuno  6oJiee  i.iyooko,  to  b 
3X0  Bpcvm  BoopyjKeHHbie  chjim  noOoro  rocyaapcxsa,  ne  roTOBbie 
k  Beaemno  bohh  hoboto  iiokojichhh,  BbiHywaeHbi  Syayr  Jimiib 
oTpasnaTb  co  Bce\  HanpaBJieHHii  orpoMHbiii  no  MacurraOoM  n 
a.™Te.ibHOCTH  MaccnpoBaHHbiH  yaap  BbicoKOToiHbix  cpeacxB 
iiopajKcimn  npoTHBHHKa,  iipoisiiuiMi.iii  ooronpcMeiiiio  c  ero 
onepauHen  P3B. 

Hmchho  b  ttot  nepnoa  Bofinbi  cTOpoHa,  caeaaBLaaa 
cxaBKy  Ha  ee  npouJJibiH  Bapnaiix,  xepna  KaTacTpof[)H necKne 
nopatteHHa,  Mowex  npn6erHyxb  k  npHMeHeHHK)  aaepHoro 
opv>KHH  ecjin  OHO  y  nee  HMeexca.  Cxopona,  Beaymaa  Bonny 
uiecToro  noKoaenHH,  He  6yaex  cxpeMHXbca  3axBaxnxb 
xeppHxopHio  apyrofl  cxopoHbi  h  xeM  6oaee  yaepaaiBarb  ee 

njiHTejibHoe  BpeMfl.  „ 

Hjifl  rocyaapcTBa  He  noaroxoBaeHHoro  k  Beaemno  bohh  uiecToro 

noKOJieHiisi  3xo  6yaex  paBHocnnbHO  nopaweHHio,  x.k.  fljia  77oRenniemio 
yaapy  B03AywH0-K0CMHHecKMx  cpeacxB  HaflO  6bijio  HMexb  coBepmeHHO 
flpyrHc  BoopyJKeHHbie  CHJibi.  Ohh  aoa>KHbi  6bum  coaaaBaxbca  Ha  6aae 
xpynHbix  cyxonyxHbix  rpynnnpoBOK  bohck,  a  npewae  Bcero  "a 

X^eKXHBHOH  cxpaxernnecKOH  CHCXeMbI  BoaayiHHO-KOCMHHecKOH  oeopoHb, 

cnoco6HOH  oxpawaxb  aJinxeabHbie  MaccnpoBaHHbie  yaapbi  BbicoKOXOiHb  x 
cpeacxB  npoxHBHHKa  h  «a  oaae  aocxaxoHnoro  KoannecTBa  bwcokotohhwx 
cpeacxB  nopaweHHii  pa3JiHHH0H  aaabHOCXH  flencxBHS  h  cpeacxB  Ha  hobux 
♦hwhcckhx  npHHUnnax,  Ae«cn>yiomHX  b  cooxBexcxBHH  c  aaKonaMH  bohh 

uiecxoro^noKOjrao^  0TpaJKeHl)11  „  nopaxtcmiH,  Koxopbie  hmo.otch  b 

BOopyweHHb.e  miax  Ha  Saxe  cyxonyxHb.x  bohck  cefiiac  Mora  Smith 

nocxaxOHHO  3(])(|)eKXHB . mb  b  Bofniax  nexseproro  noKoaeHHH,  ho 

npaKXHHCCKii  HenpmoAHbi  b  BoiiHax  mecxoro  noKOJieHHH.  He  OKa*excBoero 
BjiHHHiia  h  najiii'inc  aaepnoro  opy*HH  na  aocxHateime  nojumiHecKHx  h 
cxpaxei  iriecKHX  uexen  b  xbkhx  BOHnax.  Ero  npoMcarb  neabaa  A. 
Z,™a.ibHOM  Ko.inMccxBe  H  oho  6y/.ex  ocxasaTbca  anuib  CBHaexeaeM 
nopaAKeiiira  aaepnoro  rocyaapcxsa  b  oSmhhmx  Bofinax  6yayiuero. 
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Bch  zuTHTejibHaa  HCTOpna  bohh  noKa3biBaeT.  hto  Boopy^ceHHoe 
HaCHJTHe.  KaK  HeH36e>KHbIH  HHCTpyMeHT  BOHH  HJIH  BOeHHbIX  KOHtfjJIHKTOB, 
Bcenja  MeHJiJiocb  Jinuib  b  CTOpoHy  yBeAHHeHHfl  noTepb  bohck,  HacejieHHa, 
pa3pyuieHHfi  3kohomhkh,  HapymeHHH  3KOJiorHHecKoro  paBHOBecna  b 
npnpOAe  h  Ap-  TeM  ne  MeHee,  BOHHbi  c  npHMeHeHHeM  o6bi4Hbix  cpeACTB 
nopa>KeHHa  6ecnpepbiBH0  ihah  b  AOflAepHbin  nepnoA,  He  npeKpaTHJiHCb  b 
HAepHblH  H,  BHAHMO,  COXpaHflTCfl  B  6yAymeM,  He  3aBHCHMO  OT  Toro,  KaKOe 
opy>KMe  HaxoAHTbCH  Ha  BOOpy>KeHHH  rocyAapCTB. 

HcTopHMecKHH  onbiT  noKa3bieaeT,  hto  Te  noAHTHHecKHe  JiHAepbi, 
KOTopbie  xoth  6bi  oAHajKAbi  AOCTHrjiH  onpeAejieHHbix  pe3yjibTaTOB  nyTeiw 
npHMeHeHHA  hbchahh,  HAyT  CHoea  Ha  Hero  6e3  oco6bix  pa3AyMHH  h  cTpaxa. 

Xota  BAepHaa  BOHHa  Ha  njiaHeTe  HeB03M0>KHa  h  Aa>Ke 
a6cypAHa,  onacHOCTb  ee  bo3hhkhobchh^  6yAeT  coxpaHflTbca  ao 
Tex  nop,  noKa  cyiqecTByeT  flAepHoe  opymie.  Ho,  KaK  y>Ke 
noAHepKHBajrocb,  AAepHoe  opy>KHe  c  MOMeHTa  ero  noaBJieHHfl 
nepepocjio  qejin,  paAH  KOTOpbix  co3AaBajiocb.  Ero  npmvieHeHHe 
Aaace  b  MaJiOM  KOJiHHecTBe  b  jiio6om  bochhom  koik^jiiiktc 
npeAHaMepeHHO  hjih  cjiynainio  HeMHHyeMO  npHBeAeT  ko 
BceoSmefi  hagphoh  KaTacTpotJje  h  k  rnSejin  iuiBn.iinaiuni.  TeM  He 
MeHee  oho  peajibno  cymecTByeT  h,  bhahmo,  ocTaHeTca  Ha 
Boopv>KeHHH  pHAa  CTpaH  eme  AOcraTOHHO  aojito. 

B  coBpeMeHHbin  nepnoA  HaH6ojiee  apKo  h  oTHeTJiHBO 
BHAHa  rnSejibHOCTb  HacnjibCTBeHHbix  OTHOiueHHH  Me>KAy 
JHOAbMH.  JlK)6a»  BOHHa  He  MO>KeT  6bITb  CpeACTBOM  AOCTH>KeHHfI 
KaKHx  6bi  to  hh  6biJio  qejien.  Ho,  TeM  He  MeHee,  BOHHbi,  bhahmo, 
coxpaHJiTbCH  h  6yAVmeM.  Bo  bcakom  cjiynae,  Teopna  h  npaKTHKa 
Boopy>KeHHOH  6opb6bi  npoAOjmaeT  pa3BHBaTbca. 

HayHHO-mexmmecKuu  npozpecc  u  peGOJifoipm  e  eoennoM  dejie 

Ha  py6e>Ke  HbiHeiAHero  BeKa  h  TbicaneAeTHa  b  pe3yAbTaTe 
peBOJHOUHH  B  BOeHHOM  ACJie  0>KHAaeTCfl  HOBbIM  KOAOCCaJIbHblH  CKaHOK  B 
pa3BHTHM  Boopy>KeHHH,  a  b  cAeACTBHH  3Toro  h  b  cJ)opMax  h  cnoco6ax 
Boopy>KeHHOH  6opb6bi.  HacTynaeT  HOBan  3pa  bohh  opyacHa  bwcokhx 
TeXHOAOrHH,  3pa  3HaHHTeAbHOrO  BbICBo6o>KAeHHfl  MeAOBeKa  H  B006me  >KHBOH 
chaw  ot  yLiacTHfl  b  Boopy>KeHHOH  6opb6e. 

PeBOJiiouHa  b  BoeHHOM  Aerie  —  3to  TaKHe  KOpeHHbie  h 
KanecTBeHHbie  H3MeHeHHH,  nponcxoAHiHHe  noA  BJiHHHHeM 
HayHHo-TexHHnecKoro  nporpecca  b  cpeACTBax  Boopy/Keiiiion 
6opb6bi,  KOTopbie  TaiQKe  b  KopHe  MeHHiOT  CTpOHTejibCTBO  h 


II 


n<woTOBKy  BOopyaceHHbix  chji,  cnoco6bi  Be/ieHHn  Boirabi  h 
BOeHHbIX  ^eilCTBHH. 

OHa  npoflBJmeTca  npe^cae  scero  nepe3  CTpaTerHH).,  Kajc 
pncTaBHVio  *iacTb  BoeHHoro  HCKVCCTBa.  CTpaTerna  oxBaTbmaeT 
Teoprno,  npaKTHKy,  njiaHHpoBaHHe  h  Be^eHHe  cTpaTerHHecKHX 
onepauHH  h  BoeHHbix  acmctbhh.  BoeHHaa  cTpaTerna  TecHo 
CBB3aHa  c  BoeHHOH  AOKTpHHOH  rocyAapcTBa  H  pyKOBOACTByeTCB 
ee  noiio>KeHHHMH  b  pemeHHH  npaKTHHecKHx  3aAan.  Ilo 
OTHOLlieHHK)  K  Apy™M  COCTaBHbIM  HaCTBM  BOeHHOrO  HCKyCCTBa 
—  onepaTHBHOMy  HCKyccTBy  h  TaKTHKe  —  CTpaTerna  3aHHMaeT 
rjiaBeHCTByiomee  noaoaceHHe  h  aBJiaeTca  cahhoh  ajih  scex  bhaob 
B00py>KeHHbix  CHJI.  Ecjih  cTpaTerHH  bohhw  He  MeHneTCH,  a 
MeHnexca  TOJibKO  onepaTHBHoe  HCKyccxBO  hjih  xaKXHKa,  xo  3X0 
He  peBOJHOHHH  B  BoeHHOM  AeJie,  a  jihuib  pesyjibxaxbi  bochho- 
xexHHnecKoro  nporpecca  hjih  HaynHO-xexHHHecKOH  peBOJHOHHH. 

TaK,  npHMeHeHHe  BoeHHOH  aBHaunH  b  BOHHe  b  Kopee 
npHBeno  k  H3MeHeHHJO  6opb6bi  3a  rocnoACTBO  b  B03Ayxe,  ho  3TO 
He  npHBeno  k  H3MeHeHHio  CTpaTerHH  BOHHbi  b  qeaoM.  B  BOHHe 
bo  BbeTHaMe  BnepBbie  b  MaccoBOM  KOJinnecTBe  npHMeHajincb 
BepTOJieTbi,  hto  npHBejro  k  H3MeHeHHK)  o6meBOHCKOBoro  6oa  - 
OH  npHoSpen  B03AymHO-Ha3eMHbiH  xapaKTep,  ho  onaTb  a<e 
xapaKTep  BOHHbi  He  H3MeHHJica.  B  BOHHax  Ha  GanacHeM  BocTOKe 
6buiH  npoBeaeHbi  3KcnepHMeHTajibHbie  noncKH  BbicoKOTOHHoro 
opywna,  oAHaKO  h  3Aecb  xapaKTep  BOHHbi  Taxace  He  MeHaaca.  Ho 
bot  b  BOHHe  30He  nepcHACKoro  3ajiHBa  BnepBbie  H3MeHHJica 
xapaKTep  bohhw  b  ueuoM,  npoH30Uuia  HacToamaa  peBOJiiouna  b 
BOeHHOM  AeJie. 

XIjih  ocymecTBJieHHH  peBOJHOHHH  b  BoeHHOM  AeJie  TpeoyeTCH 
COBMeCTHTb  AOCTHHCeHHH  BOeHHOH  HayKH  H  TeXHHKH  H  HanpaBHTb 
Ha  peBOJHOUHOHHblH  nOBOpOT  B  CTpaTerHH.  B  MHpe  HAeT 
HenpepbiBHbin  npouecc  BoeHHO-TexHnqecKHX  npeo6pa30BaHHH  b 
BoeHHOM  AeJie,  h  HecMOTpa  Ha  to,  hto  b  paAe  CTpaH  oh  BecbMa 
cymecTBeHeH,  ero  pe3yabTaTbi  noKa  eme  HHKOMy  He  no3BOAaioT 
CHHTaTb  ce6a  b  nojiHOH  totobhocth  k  bohhbm  mecToro 
noKOJieHHa. 

B  TeneHHe  mhothx  noKOJieHHH  bohh  hx  kohchhuh 
pe3yjibTaT  CKJiaAbiBaaca  nocTeneHHO  H3  coBOKynHOCTH 
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nocjieAOBaTeubHbix  6oeBbix  achctbhh  pa3AHHHoro  MacniTa6a.  B 
3TMX  A6HCTBH5IX  npHHHMaAH  ynaCTHe  TJiaBHblM  06pa30M 
npOTHBOCTOJunwe  rpynnnpoBKH  >khboh  cmibi.  H  noGeAHTeAb  h 
no6e>KAeHHbiH  Hecjin  GoAbmne  noTepn,  a  (J)opMyna  noGeAbi 
BKJiioqajia:  HenpeMeHHbiH  pa3rpOM  h  nojiHoe  yHHHToaceHHe 
BOOpy>KeHHbix  cha  npOTHBHHKa,  pa3pyuieHHe  3koh'omhkh  h 
cBepAceHHe  ero  noAHTHHecKoro  CTpoa,  hto  npaKTHnecKH  BcerAa 
Tpe6oBa.no  OKKynaqnn  ero  TeppHTOpHH. 

C  nOHBJieHHeM  BblCOKOTOHHOH)  Opy^KHH  B  KOJIHHeCTBaX, 
AOCTaTOHHbix  aah  BeAeHHH  BoeHHbix  AeHCTBHH  CTpaTeranecKoro 
MacuiTaGbi,  pa3rpoM  h  yHHHToaceHHe  npOTHBHHKa  Kaic  OAHa  H3 
BaacHeihunx  nejien  Boinibi,  MoaceT  AocraraTbCH  He  TOJibKO  nyTeM 
HCTpe6jieHHB  ero  cpeACTB  oTBeTHoro  yAapa  h  hchboh  cnjibi  (ecjin 
OHa  npHMeHaeTca  b  3toh  bohhc),  ho  h  HaHeceHHeM  pHAa 
nocAeAOsaTejibHbix  BbicoKOTOHHbix  orHeBbix  yAapoB  no  Been 
rjiyGHHe  ero  TeppHTopnn,  KaK  no  ero  nepeAHeMy  Kpaio,  Taic  h  no 
ero  CTpaTerHHecKHM  pe3epBa\i,  BoeHHO-3KOHOMHHeciCHM 
o6beKTaM,  aAMHHHCTpaTHBHO-nOJIHTHHeCKHM  neHTpaM,  no 
nyHKTaM  rocyAapcTBeHHoro  h  BoeHHoro  ynpaBAeHHH. 

BbicoKOTOHHoe  opy>KHe  b  CHAy  cbohx  GoeBbix 
B03M0>KH0CTeH,  A^>Ke  HeCMOTpfl  Ha  TO,  HTO  3TO  oGbIHHOe 
He^AepHoe  opywne,  ya<e  npeBpaTHAOCb  b  pemaiomHH  (j)aKTOp 
Boopy>KeHHOH  GopbGbi.  BHe3anHoe  MaccHpoBaHHoe  npHMeHeHHe 
BbicoKOTOHHoro  opyacHA  mo>kct  oGecneHHTb  peuieHne  Tex  ace 
3aAan,  KOTopbie  paHee  B03AaraAHCb  Ha  AA^pHoe  opy>KHe,  ho 
Tenepb  y>Ke  Ge3  onaceHHA  paAHaqnoHHoro  3apaaceHHM  h 
3KOAOTHHeCKHX  nOCAeACTBHH. 

TaKHM  o6pa30M,  rpaHnna  MeacAy  HAepHbiM  h  oGbihiilim 
opya^nem  GyAeT  npoxoAHTb  no  3aAanaM,  KOTopbie  OAHHaKOBO 
ycneuiHo  MoryT  peuiaTbca  ah6o  HAepHbiM,  jihGo  oObiniibiM 
BbicoKOTOHHbiM  opyacneM.  3to  h  no3BOA«eT  yTBepacAaTb,  hto 
HAepHoe  opyacne,  a  BMecre  c  hhm  h  Boinra  nuToro  noKOAeHHH, 
yxoAHT  b  npouuioe,  oho  nepecTaeT  OKa3bisaTb  BAHHHHe  Ha 
onpeAeAeHHe  nojiHTHHecKnx  h  CTpaTerHHecKHX  nejien,  eMy  Ha 
CMeHy  yace  hact  Apyroe  BbicoK03(j)(|)eKTHBHoe  opyacne,  y  KOToporo 
HeT  npoGjieM  c  npnMeHeHneM.  TeM  GoAee,  hto  nopaacaiomHe 
CBOHCTBa  GoenpHnacoB,  CHapAateHHbix  oGbiHHbiM  B3pbiBHaTbiM 
BemecTBOM,  ho  noBbimeHHoro  MorymecTBa  hah  oGbeMHoro  B3- 
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pbiBa,  y>Ke  cefmc  b  30  —  50  pas  6oJibiue,  ieM  y  caMbix  moihhux 
no  TaKHM  *e  noKa3aTejiHM  oObiMHbix  6oenpnnacoB  Ha  oa3e 
/jaBHO  npHMeHaeMbix  h  ywe  CTaBiuHX  TpaflHUHOHHbiMH  Tporajia, 
TDHHHTpoTOJHiyoJia  h  flp.  Ha  BbicoKOTOHHOM  opy>KHH  OyayT 
ycTaHaBJiHBaTbca ,  Kan  sto  flejiaexcs  h  b  nacToamee  apeMa,  h 
npoTHBOpaanojioKaHHOHHbie  ycTponcTBa  caMOHaBeflemia  Ha 
hctohhhk  HSJiyneHHfl.  B  stom  opywHH  HafiayT  npHMeHeHMe  tcax 
HOBbie,  xaK  h  cTapbie  roJioBHbie  xacxn  pasjiHHHoro  HasHanenHa: 
ocKOJioMHO-4>yracHoro  THna,  6eTOHo6oHHbie,  KacceTHbie, 
o6beMHO-fleTOHHpyioinHe  h  flpyrne,  KOTopbie  eme  OyayT  flojiro 

OCTaBaTbCfl  Ha  BOOpyWeHHM  BbICOKOXOMHbIX  cpeflcxB. 

Hapafly  c  yBejiHHeimeM  npocTpaHCTBeHHoro  pa3Maxa 
BOopyweHHOH  6opb6w  cJieayeT  tjikvkc  ovKuaarb  jHanuTeJibHoro 
nOBblllieHHfl  TOHHOCTH  Cipilbflbl  ODbl'IHbIMH  IieSI.TCpilblMII 
paiCCTaMH  pasiHHHOH  aaJIbHOCTH  aeflCTBHH.  Ecjih  3a  CHeT 
noBbiiueHHa  moiuhocth  sapajia,  CKa>KeM,  b  flea  Pa3a 
nopawaiomaa  cnoco6HOCTb  paneTbi  BOspacxeT  Ha  40  /»,  to 
noBbiiueHHe  tohhocth  Taioxe  b  flBa  pa3a  yBejiHHHT  ee 
nopa^KaiomyK)  cnoco6HocTb  Ha  400  %,  T.e.  b  10  pa3.  Bee  paxeTbi 
3xoro  KJiacca  xaioKe  ctbhvt  BbicoKOTOHHbiMH.  B  uejioM 
xoHHOCTb  CTpejib6bi  Bcero  BbicoKOTOHHoro  opywna  b 
6jiH5KaiiujHe  10—15  JieT  B03pacTeT  He  MeHee,  neM  b  5  pa3.  3to 
6yaeT  .uocxnxnyxo  raaBHbiM  o6pa30M  3a  cnex  tohhoh  HaBHramiH 
K35KAOH  jieTameil  paK-exbi,  a  Taioice  3a  caex  KoppeKUHH  hx  noJieTa 
k  ueaH  c  noMombKj  cneuHaabHbix  ycTpoficTB  Ha  HCKyccTBeHHbix 


cnyTHHKax  3eMJin. 

BoHHa  b  30He  IlepcHACKoro  3anHBa  AOCTaTOHHO 
y6eAHTenbHO  npoAeMOHCTpHpoBajia  _  bo3MO>khocth 

BbicoKOTOHHoro  opy>KH5i  h  y>Ke  Aajia  mou^hwh  tojihok  b  ero 
pa3BMTHH,  hto  h  npnBeaeT  K  cymecTBeHHbiM  H3MeHeHHflM  (popM 
h  cnoco6oB  BOopy>KeHHOH  6opb6bi. 

M3BeCTHO,  HTO  3a  20  JieT  Me>KAy  nepBOH  H  BTOpOH 


MnpOBbIMH  BOHHaMH  npOH30UJJia  CMeHa  JIHUIb  OtfHOTO 
noKOJieHHH  cpeACTB  BOOpy>KeHHOH  6opb6bi,  n  TeM  He  MeHee 
Bxopaa  MnpoBaa  BOHHa  no  cBoeMy  xapaKTepy  yxce  pe3KO 
oTJiHHajiacb  ot  nepBOH  Mhpoboh  bohhw.  nocjie  Btopoh 
Mhpoboh  BOHHbi  y>Ke  nponuio  6ojiee  50  JieT,  w  3a  3to  BpeMfl 


14 


CMeHHJiocb  TpH-neTbipe  noKOJieHHji  TOJibxo  paKeTHoro  opy>KH5i,  a 
ero  ^ajibHOCTb,  TonHocTb,  nopawaiomne  bo3mo>khocth 
B03p0CJIM  Ha  HaCKOJIbKO  nOpfl^KOB,  B  TOM  HHCJie  H  B  oSbIHHOM 
CHap5DKeHHM. 

BbICOKOTOHHOe  Opy5KHe,  KOTOpoe  B  CBOC1V1  paiBHTHH  TaKHCe 
y5Ke  BbiiiiJio  Ha  ypoBeHb  neTBepToro  noKOJieHUH,  no3BOJiaeT,  b 
cjiynae  ero  MaccHpoBaHHoro  npuMeiieHiia  b  TeneHHe 
onpe^ejieHHoro  speMeHH,  AoGHTbca  npesocxoACTBa  b  Boinie  b 
uejioM,  a  3to  b  KopHe  MeHaeT  caM  xapaKTep  BOHHbi. 

PeBOJlH)HHH  B  BOeHHOM  ^eJie  H  BOHHbi  UieCTOrO  nOKOJieHHfl 

HaH6ojiee  pa3BHTbie  rocyAapcTBa,  npHHHMaiounHe 
Heo6xoAHMbie  Mepbi  k  peKOHCTpynpOBaHHio  cbohx 
BOOpy>KeHHbIX  CHJI,  BnOJIHe  BepOflTHO  6y^yT  HMeTb  B03MO>KHOCTb 
y>Ke  Ha  py6e>Ke  nepBbix  acchth  JieT  HOBoro  BeKa  bccth  BOHHbi 
mecToro  noKOJieHHa.  3th  BOHHbi  6y^yT  HanHHaTbca, 
npOAOjmaTbca  h  3aBepuiaTbC5i  coBepmeHHO  HHane,  hcm  Bee 
npeAbiAyi4He.  HanmiaeTCH  nepHOA,  rcorAa  6yAyT  yxoAHTb  b 
npouiJioe  HbiHeuiHHe  noKOJieHHH  He  mribico  HAepHoro  h  oSbiHHoro 
opyacHa,  ho  h  BoopyaceHHbix  chji.  Cennac  b  HaH6ojiee  pa3BHTbix 
CTpaHax  HAeT  cKpbiToe,  ho  BecbMa  HHTeHCHBHoe  HaKonneHHe 
BbicoKOTOMHbix  cpeACTB  nopa>KeHH5i.  3to  opy>KHe  npomjio 
cepbe3Hyio  anpo6aunio  b  jioicajibHbix  bohhbx  h  BOOpyweHHbix 
KOH(j)JlHKTaX  nOCJieAHHX  ACC5ITH  JieT  H  CTaHOBHTCfl  BecbMa 
ae(|)HUHTHbIM  TOBapOM  Ha  pbIHKaX  BOOpy>KeHHH.  BnOJIHe 
nOHflTHO,  HTO  TOT,  KTO  3aBOK)eT  pbIHOK  BblCOKOTOHHOTO  Opy>KH5I 
ceHMac  Mo>KeT  Ha  3tom  He  TOJibKO  KOJioccajibHO  3apa6oTaTb,  ho 
H  (jDaKTHMeCKH  OKynHTb  CBOH  paCXOAbl  Ha  C03AaHHe  HOBbIX 
BOOpy>KeHHbIX  CHJI  H  BOOpy>KeHHH. 

Be3ycjioBHO,  Aa>Ke  b  HaH6ojiee  pa3BHTbix  CTpaHax 
cTpyKTypa  Boopy>KeHHbix  chji,  cjiopMbi  h  cnoco6bi  hx 
npHMeHeHHa  6y^yT  MeHflTbca  He  cpa3y,  a  no  Mepe  npHHATHa  Ha 
Boopy>KeHHe  AOCTaTonHoro  KOJinqecTBa  3Toro  opy>KHH.  B 
TeneHHe  onpeAejieHHoro  nepHOAa  BpeivieHH  BOopyaceHHbie  chjiw 
TaKHx  cTpaH  6yAyT  nocTeneHHO  HaKanjiHBaTb  cnocofiHocTb  bccth 
BOHHbi  UieCTOrO  nOKOJieHHH  H  COXpaHflT  CnOCOSHOCTb  BbinOJIHHTb 
Sojibiuoe  KOJinnecTBo  3HJXSLH  CTpaTernnecKoro  h  onepaniBno- 
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TaKTHHecKoro  ypoBHH.  6yayj  aettcTBOBarb  cobmcctho 
cTpaTerHHecKHe  iic-siiepiibie  cpeacTBa,  noT.iyniiibie,  MopcKiie  h 
cyxonyTHbie  CHJibi  h  cpeacTBa  aocTauKH  BbicoKOTOHHoro  opyacwn 
)i  opy^Kiifl  Ha  HOBbix  (J)H3hhgckhx  npHHUjinax. 

B  3HaMMTeJibHOH  Mepe  3TOMy  6ya.eT  cnoco6cTBOBaTb  Taioxe 
npoaojwcaiomaaai  pa3pa6oTKa  kPomc  BbicoKOTOMHbix  cpeflcxs  h 
npyrHx  throb  BOopyweHHH  h  b  nepByio  oqepeflb  opywna 
HanpaBJieHHOfl  nepeaaHH  SHeprHH,  aBTOMaTHHecrax  h 
aBTOMaTH3MpOBaHHb!X  CHCTeM  HaBOaCHHH  BbICOKOTOHHOrO  opyaaw, 
HOBbix  B3pbiBMaTbix  BeuiecTB  noBbiujeHHoro  MorymecTBa,  cpeacTB 
o6pa6oTKH  Aamibix  cBepxBbicoKoro  fibicTpoaeflcTBHsi,  a  TaKxce 
cpeacTB  paAHoaaeKTpoHHOH  6opb6bi. 


B  BoPmax  uiecToro  noKOJienna  iiaHAyr  uiHpoKoe 
npuMeHeHkte  cpeacTBa  nopaweHHa,  aeHCTBMe  KOTopbix  no 
o6beKTaM  (uejiaM)  6yaeT  ocHOBaHO  Ha  Hcnojib30BaHHH 

(])H3HHeCKHX  (])OpM  IHepTHH,  a  TAK/KC  COOTBCTCTByiOmHX  cpeacTB 
BaiHHTbl  OT  HX  B03/JCHCTBH5I .  MOJKHO  yTBepWiMTb,  HTO  H  B 
BOopy*eHHOH  6opb6e  6yaywero  naBHOii  ocTaHercn  cjHUHiccKan 
6opb6a.  O/waico  bobcg  He  hckjhohcho,  hto  b  3toh  Oopb&e  nanayT 
npuMeHemie  h  apyrae  cpejiCTBa  nopaweHHn. 

Tax,  ecjw  b  apceHaaax  HeKOTOpbix  cTpaH  ocTaHeTca  Ha 
BOopyxccHHH  xMMHHecKoe  opy)KHe,  TO  B  cjiynae  npHMeHeHHH 
T3KHX  cpeaCTB  nOpa>KCHHSI  nOTpcSyeTCH  HMeTb  H  npHMeHHTb 
cooTBeTCTByiomne  cpeacTBa  laiymbi  ot  hx  B03fleHCTBH5i.  Taxon 
BHfl  BOOpy)KeHHOH  6opb6bl  6yaeT  OTHOCHTbCH  K  XHMHHeCKOH 


6opb6e. 

Bha  BOopy>KeHHOH  6opb6bi,  b  kotopom  nopa>KeHHe  oyAeT 
ocvmecTBAHTbCJi  6HOAorHnecKHM  bo3A6Mctbhcm  h  6yAyT 
npHMenflTbca  cooTBeTCTByK>m,He  cpeACTBa  3amHTbi,  mo>kho 

Ha3BaTb  6HOAOrHMeCKOH  6opb6oR. 

OionnecKasi  BoopyjKeHHaa  6opb6a  —  3to  AaBHO 
n3BecTHbifi  BHA  6opb6bi,  KOTopbifi  HcnoAb3yeT  npeHMymecTBeHHo 
d)H3HHeCKHe  (J)OpMbI  3Heprroi  ajih  nopa^KCHHH  npOTHBHHKa  H 
3amHTbI  OT  (f)H3HHeCKOrO  nOpa^KeHHH  npOTHBHHKa  CBOHX  BOHCK, 
opy^Kiia,  BoeHHoii  TexHHKH,  oGbeKTOB  h  CpeAM.  /v™ 
d)H3iiHecKoro  nopa^KeHHa  b  fioopy^ceHHOH  6opb6e  GyAymero 
HafiAOT  HHipoKoe  npHMBHeHHe  3HeprHH  scex  y>Ke  AOCTaTOHHO 

H3BeCTHbIX  cJ)H3HHeCKHX  (|)OpM  ABH2KGHHH  MaTGpHH 
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KHHeTHHeCKOH,  aKyCTHHeCKOH,  3JieKTpOMarHHTHOH,  3HeprHH 
3JieMeHTapHbix  nacTim,  Hiepiion  3iieprmi,  TemiOBOH  h  ap* 

TaKHM  o6pa30M,  B  3aBHCHMOCTM  OT  (|)OpM  3HeprHH,  B 
Boopy>KeHHOH  6opb6e  6yAymero  aah  (j)H3HHecKoro  nopaweHHH  b 
cooTBeTCTBywmnx  Boopy>KeHHflx  6y^yT  Hcn0Ab30BaTbC*i 
pa3JiHMHbie  BHAbi  KHHeTHHecKoro,  aKycTHHecKoro, 

3JieKTpoMarHHTHoro,  paAnauHOHHoro  h  TenjiOBoro  bhaob 
B03AeHCTBHfl.  /Jo  KOHUa  HblHeiUHerO  BeKa  H  B03M0>KH0  KaKOH-TO 
nepHOA  BpeMeHH  nocAe  2000  roAa  KHHeTHnecKoe  nopa>KeHHe  eme 
coxpaHHT  cbok)  BeAymyio  poAb  KaK  maBHbiH  bha  nopa>xaK)inero 
B03AeHCTBHH  Ha  06'beKTbj,  ineAH.  Oho  6yAeT  ocymecTBAATbca  c 

nOMOlAbK)  AOCTaBAHeMbIX  C  BbICOKOH  TOHHOCTbK)  He3aBHCHMO  OT 
AaAbHOCTH  CTpeAb6bi,  paKeTHbix  h  apTHAAepHHCKHX  6oenpwnacoB  h 
o6pa30BaBUJHXca  b  pe3yAbTaTe  hx  CBoeBpeMeHHoro  noApbma 
OCKOAKOB,  yAapHOH  B03AyiAH0H  BOAHbl  H  KyMyAflLJHH.  3t0  OyAyT 
orHeBbie  cpeACTBa  paKeTHoro  h  apTHAAepHHCKoro  THna,  ho 
nOBbILHeHHOH  >KHByHeCTH  H  BbICOKOH  CTOHKOCTH  K  nopawaiOIAHM 
cfiaKTopaM  b  noAeTe  co  CTopoHbi  npoTHBHHKa  (b  AecflTKH  pa3  Bbime 
no  cpaBHeHHio  c  HacToainHMH). 
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MECHANICAL  PROPERTIES  OF  SOLID  EXPLOSIVES  AT 
INTENSIVE  SHOCK  LOADS 

S.A.Novikov 


Russian  Federal  Nuclear  Center-VNIIEF,  Arzamas- 16,  Russia 

Many  constructions,  containing  details  from  solid  high  explosives  (HE) 
can  be  subjected  to  effect  of  shock  loads  with  different  intensities.  HEs  differ 
from  other  structural  materials  in  that  they  have  explosive  transitions  when 
exceeding  certain  critical  levels  of  dynamic  loads.  In  many  cases  theii  begin¬ 
ning  occurs  after  cracks  formation  and  HE  details  destruction. 

The  paper  presents  brief  description  of  several  techniques  for  dynamic 
tests  of  samples  and  details  from  HE,  some  experimental  results.  Shock  loads 
were  caused  by  special  explosive  loading  devices,  generating  pressure  pulses 
with  specified  parameters. 

That  is  why  together  with  data  on  kinetics  of  excitation  of  explosive 
transitions  the  great  attention  is  paid  in  the  paper  to  comparatively  poorly 
known  area  of  investigation  of  dynamic  strengths  of  samples  and  details  from 

solid  HE:  ,  .  ^ 

with  use  of  up-dated  (at  explosive  loading)  method  of  Split-Hopkinson- 
bar  (SHB)  the  "stress-strain"  (a-e)  diagrams  were  obtained  at  dynamic  com¬ 
pression  of  some  solid  HE  (different  "TNT-RDX"  alloys,  HMX-based  HE)  in 
the  range  of  strains  velocity  s— 200-500  s_I  at  different  tempeiatures  (fiom  -20 

.to  +80  °C);  ,  , 

with  use  of  the  developed  SHB-based  method  data  were  obtained  on  dy¬ 
namic  crack  resistance  of  solid  HE  (the  stress  intensity  coefficient  Kid).  The 
stress  intensity  coefficient  vs  loading  velocity  was  obtained  in  three  HEs  at  dif¬ 
ferent  temperatures;  .  ____  + 

research  of  spall  strength  of  five  solid  explosive  formulations  ( I N  1 ,  two 
RDX-based  HEs,  two  HMX-based  HEs)  was  performed.  Values  of  spall 
strength  were  obtained  at  the  stage  of  destruction  process  "nucleation"  at 
characteristic  time  of  loading  t= 1.5-1  O'6  s  (plate  impact  against  HE  sample); 

dynamic  strength  yield  vs  normal  pressure  in  shock  wave  (SW)  was  ob¬ 
tained  in  four  solid  HEs  (pressure  at  SW  front  was  to  2.5  GPa)  by  method  of 
direct  recording  of  basic  stresses  behind  the  SW  front  by  manganine  gauges; 

description  of  explosive-type  facilities  for  impact  testing  of  large-scale 
HE-containing  constructions  is  given.  Loading  was  carried  out  at  the  active 
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part  of  tested  object  acceleration.  Parameters  of  loading  pulse  (pressure 
growth  front,  duration,  pressure  decrease)  were  formed  by  explosive  genera¬ 
tors  of  pressure  (EGP)  at  reliable  confinement  of  explosion  products.  The  de¬ 
celeration  system  allows  to  catch  tested  constructions  for  visual  observation 
after  that. 

The  present  work  was  performed  under  the  financial  support  of  the  Rus¬ 
sian  Fund  of  Fundamental  Investigations  (project  code  97-0 1  -00344). 

DEFORMATION  AND  FRACTURE  OF  SOLIDS  UNDER 
SHOCK  COMPRESSION:  STATE  OF  THE  ART  AND 
PERSPECTIVES  OF  INVESTIGATIONS 

G.I.Kanel 

High  Energy  Density  Research  Center ,  Moscow .  Russia 

The  shock-wave  technique  provides  a  powerful  tool  for  studying  material 
properties  at  extremes  of  strain  rates.  In  spite  of  a  quite  sufficient  general  un¬ 
derstanding,  the  data  of  shock-wave  experiments  and  material  models  do  not 
agree  in  details.  This  disagreement  is  a  reason  to  suppose  that,  at  least  in  same 
cases,  the  high-rate  inelastic  deformation  and  fracture  of  solids  in  shock  waves 
and  deformation  with  low  or  moderately  high  rate  occur  with  different 
mechanisms. 

It  follows  from  observations  of  the  stress  profiles  in  metals  at  unloading 
and  reloading  of  shock-compressed  metals  [1,2],  and  at  the  loading  succes¬ 
sively  by  two  compression  pulses  [3,4],  that  the  shock  waves  have  a  specific  ef¬ 
fect  on  matter  which  appears  in  a  high  mobility  of  the  crystal  lattice.  Anoma¬ 
lous  X-ray  diffraction  pattern  shifts  revealed  in  experiments  with  f.c.c.  metals 
[5],  as  well  as  molecular-dynamics  simulations  of  the  shock  induced  plasticity 
[6,7],  permit  to  make  conclusion  that  the  whole  or  almost  whole  plastic  strain 
at  shock  compression  is  produced  by  the  partial  dislocations  and  accompanied 
by  formation  of  large  amount  of  the  stacking  faults  [8],  As  a  result,  the  lattice 
becomes  unstable  and,  due  to  that,  the  fast  stress  relaxation  becomes  possible. 
Perhaps,  this  effect  is  not  so  essential  for  relatively  large-scale  processes  but  it 
may  have  an  essential  influence  on  the  decay  of  short  load  pulses  created  by 
laser  irradiation  or  by  microparticle  impacts.  Another  important  aspect  of  the 
high-strain-rate  phenomena  is  the  transition  from  thermal  activation  mode  to 
athermal  mechanisms  of  the  plastic  deformation.  Measurements  show,  that,  in 
contrast  to  the  yield  strength  at  low  and  moderately  high  strain  rates,  the 
Hugoniot  elastic  limit  does  not  decrease  with  increasing  temperature.  In  some 
cases  the  Hugoniot  elastic  limit,  as  the  temperature  approaching  melt  is 
achieve,  becomes  even  substantially  larger  than  the  value  at  ambient  tempera¬ 
ture  [9,10], 

The  inelastic  deformation  of  crystal  brittle  materials,  such  as  ceramics  or 
rocks,  in  shock  waves  may  occur  through  a  cracking  or  in  a  ductile  manner. 
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The  cracking  under  compression  is  possible  if  the  existing  microdiscontinuities 
modify  the  stress  field  by  such  a  way  that  the  tensile  stress  components  appear 
11 11  in  a  vicinity  of  the  matter  nonuniformities.  Such  possibility  is  determined 
by  the  material  properties  as  well  as  the  relationship  between  the  deviatonc 
and  hydrostatic  components  of  the  stress  tensor.  The  experiments  with  plane 
shock  waves  don’t  provide  an  enough  wide  range  of  stressed  states  and  not  al¬ 
ways  permit  to  characterize  exhaustively  the  mechanical  properties  of  brittle 
materials.  The  shock -wave  experiments  with  cylindrical  symmetry  are  a  way  to 
expand  the  range  of  available  states  in  the  materials  tested. 

Silicate  glasses  exhibit  a  high  yield  strength  at  shock  compression.  When 
the  peak  stress  exceeds  the  Hugoniot  elastic  limit,  brittle  glasses  become  duc¬ 
tile  that  appears  in  their  high  spall  strength  at  large  peak  stresses.  Below  the 
HEL  inelastic  deformation  may  occur  by  cracking.  The  multiple  crack  net¬ 
work’ forms  the  failure  wave  [12]  that  is  initiated  on  the  impact  surface  as  well 
as  on  any  internal  surfaces,  and  propagates  into  the  stressed  body  with  a  sub¬ 
sonic  speed.  The  material  behind  of  the  failure  front  exhibit  zero  or  nearly  zero 
tensile  strength  while  the  spall  strength  of  glass  ahead  of  the  failure  front  is  as 
high  as  at  least  6.8  GPa,  that  exceeds  the  spall  strength  of  any  steels.  The  fail¬ 
ure  wave  is  an  example  of  non-local  phenomena  in  the  sense  that  response  o 
each  elementary  volume  in  the  body  depends  not  only  on  the  stressed  state, 
but  also  on  whether  the  failure  wave  has  approached  to  this  point  or  not. 

The  very  high  yield  strength  of  glasses  is  a  result  of  their  amorphous  ir¬ 
regular  structures.  It  is  supposed  that  the  irreversible  densification  is  ^sponsi¬ 
ble  for  the  plastic  flow  properties  of  glasses  under  high  pressure.  Once  the 
plastic  flow  started,  the  stress  relaxation  reduces  the  stress  concentration  at  the 
crack  tip  and,  by  this  way,  stops  propagation  of  cracks.  The  high  spall 
strength  revealed  in  the  stress  range  above  the  HEL  means  that  the  ductility  is 
preserved  even  at  tension.  A  distortion  of  internal  interfaces  of  the  two-piece 
glass  targets  was  observed  at  the  compressive  stresses  above  the  HEL.  The  dis¬ 
tortion  is  a  result  of  localization  of  deformation  which  forms  blocks  bounded 
by  cracks  or  shear  bands.  The  peak  distortion  increases  with  increasing  ramp¬ 
ing  of  the  compression  wave  as  a  result  of  reduced  concentration  of  activated 

cracks  or  shear  bands.  .  _  . 

The  dynamic  tensile  strength  of  materials  at  load  duration  of  microsec¬ 
onds  or  less  is  studied  by  analyzing  the  spall  phenomena.  The  free-surface  ve¬ 
locity  measurements  demonstrate  an  athermicuty  of  the  spall  strength  of  met¬ 
als  [10]  A  precipitous  drop  in  the  spall  strength  was  observed  only  as  tempera¬ 
ture  approached  the  melting  point.  This  drop  is  explained  through  a  local 
melting  as  a  result  of  plastic  deformation  in  the  vicinity  of  damage  nucleation 
sites.  The  recently  developed  line  imaging  interferometer  technique  provides 
capability  to  record  simultaneously  the  velocity  histories  in  many  points  along 
a  line  on  the  sample  surface.  With  this  technique,  investigations  of  the  rela¬ 
tionship  between  in-granular  and  inter-granular  strength  of  crystal  solids  be¬ 
come  possible  [13]. 
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RESISTANCE  OF  METALS  TO  PLASTIC  DEFORMATION 
AT  HIGH-VELOCITY  DEFORMATION  ( 8  -HP  1/C) 

A.B.Glushak,  S.A.Novikov 

Russia  Federal  Nuclear  Center  -  VNIIEF,  Arzamas- 16,  Russia 

Collision  of  fine  continuous  metallic  cylinders,  having  rigid 
boundary  (Tailors  method),  is  an  important  experimental  instrument 
to  study  dynamic  mechanical  properties  of  materials  in  the  deforma¬ 
tion  velocity  area  up  to  ~  104  I/sec,  which  is  intermediate  one  between 
quasi-static  tests  and  deformation  in  shock  waves. 

The  paper  presents  test  results  of  steels  St. 3,  St.30XrCA 
(hardening  RS  35-40),  St.30XTCA  (annealing),  pure  aluminium,  alu¬ 
minium  alloy  AMg-6,  aluminium  alloy  D-16,  copper,  U  and  U  +Mo. 

The  samples  out  of  materials  under  investigation,  having  the 
length  of  100  mm  and  diameter  of  20  mm  were  quietly  accelerated,  us- 
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inn  the  explosive  type  facilities  for  materials  mechanical  tests  up  to  ve¬ 
locities  of  100  to  350  m/sec  and  were  decelerated  at  rigid  barriers,  made 
of  hardened  30XTCA  steel.  The  experimental  data  show  the  high 
strength  of  aluminum  allovs  in  comparison  with  pure  aluminum  and 
how  it  is  affected  by  the  method  of  30XTCA  steel  thermal  treatment. 
Two-dimensional  computations  data  fit  well  geometry  (  final  leng 
and  shape  )  of  a  sample  after  loading.  High  hardening  of  steel  St. 3  and 
copper  and  low  hardening  of  pure  aluminium  is  noted. 


MECHANISMS  OF  STRUCTURE  INSTABILITIES  AND 
KINEMATICS  OF  DYNAMIC  STRAINING  TITANIUM 

Af  T.OYS 


N.I.  Zhigacheva,  Yu.I.  Mescheryakov 

Institute  of  the  Mechanical  Engineering  Problems,  Saint-Petersburg,  Rus- 
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Investigations  of  structure  instability  mechanisms  in  the  shock-loaded 
single  and  two-phase  titanium  alloys  are  performed  by  using  optical  and  scan¬ 
ning  electron  microscopy.  Pseudo-alpha-alloy  VT-20  is  a  typical  representative 
of  single-phase  titanium  alloys,  while  VT3-1 ,  VT-6S  and  VT-16  are  two-phase 
oc-(3  titanium  alloys. 

These  investigations  reveal  the  difference  in  kinematics  of  dynamic 
straining  and  fracture  for  different  alloys,  the  kind  of  kinematic  mechanism 
being  sensitively  dependent  on  the  strain  rate.  So.  in  the  VT-20  titanium  alloy 
within  the  impactor  velocity  range  of  400-490  m/s  the  rotational  kinematic 
mechanism  at  the  mesolevel  is  mainly  realized,  while  outside  that  inteival  dy¬ 
namic  straining  is  realized  by  means  of  shear  banding  and  nucleation  and 
grow  of  tensiledacks  parallel  to  the  free  surface  of  target.  At  the  same  time, 
just  within  aforementioned  range  of  impactor  velocities  spall-stiengt  o 
20  alloy  turns  out  to  be  the  highest. 

For  two  kinds  of  titanium  alloys,  VT-16  and  VT-20,  microstructure  in- 
vestisations  reveal  an  unusual  kind  of  rotational  instability  at  the  mesolevel. 
Rotational  cells  represent  the  screw  formations  of  7-10  pm  m  diameter  and  I~>- 
20  urn  length.  The  rotational  cell  are  united  into  chains  of  30-80  pm  length, 
the  separate  screw  cells  turn  relative  each  other  by  180°  around  the  common 
axis  of  rotational  chain.  It  should  be  noted  that  of  all  the  kinds  of  titanium 
alloys  tested,  just  VT-16  and  VT-20  have  the  highest  spall  strength.  In  the  up¬ 
per  boundary  of  impactor  velocity  where  the  spall-strength  of  VT-20  alloy  is 
markedlv  decreased  the  rotational  mechanism  of  fracture  transforms  into 
shear  bandine  and  cracking.  Thus,  it  can  be  concluded  that  rotational  kine¬ 
matic  mechanism  at  the  mesolevel  provides  the  more  effective  dissipation  of 
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shock  wave  energy  as  compared  to  shear  banding  and  cracking  and  thereby 
provides  a  more  higher  dynamic  strength  of  material. 

Microstructure  investigations  reveal  at  least  three  stages  of  nucleation 
and  grow  of  screw  rotations.  Due  to  heterogeneous  character  of  dynamic 
straining  and  failure  of  structure-nonuniform  media  which  represent  the  com¬ 
plex-alloyed  titanium  alloys  all  the  stages,  in  principle,  can  be  realized  within 
overall  velocity  range  of  impactor.  However,  below  impactor  velocities  of  450 
m/s  the  first  and  the  second  stages  are  mainly  realized.  These  stages  can  be 
characterized  by  the  nucleation  and  grow  of  narrow  cracks  around  the  future 
rotational  cell.  Material  inside  the  rotational  cell  is  still  not  fragmented.  With 
increasing  the  impactor  velocity  the  second  and  the  third  stage  begin  to  realize. 
Fragmentation  of  inner  structure  of  rotational  cell  herein  is  more  distinct  and 
fragmented  structure  turns  out  to  be:  incorporated  into  screw  rotational  mo¬ 
tion  . 

Lastly,  the  third  stage  of  developing  the  screw  rotation  is  characterized 
by  ultimate  fragmentation  of  material  inside  the  cell. 

Dynamic  straining  of  heterogeneous  media  is  known  to  flow  under  condi¬ 
tions  of  particle  velocity  distribution  at  the  mesolevel,  which  supposes  the 
three-dimensional  motion  of  medium.  At  the  same  time,  three-dimensional 
Character  of  mesoparticfe; motion  is  necessary  but  not  sufficient  condition  for 
the  rotation  cells  nucleation.  Particle  velocity  distribution  has  been  measured 
in  a  series  o'f /other  materials  such  as  ductile  steels,  aluminum  alloys,  copper 
and  so  on  but  none  screw  rotations  has  been  found  before.  To  our  opinion,  the 
second  condition  for  developing  the  structure  instability  is  thought  to  be  the 
presence  of  shock-induced  reverse  w-kx  phase  transition  in  the  titanium  al¬ 
loys.  This  transition  transforms  the  material  into  structure-unstable  state  and 
thereby  decreases  the  threshold  for  nucleation  of  rotations.  At  the  same  time, 
the  tests  of  titanium  alloys  reveal  the  monotonous  increasing  of  the  reverse 
phase  transition  threshold  with  the  increasing  of  the  impact  velocity,  so  that 
the  conditions  for  nucleation  of  screw  rotations  gradually  disappear.  That  is 
why  rotational  kinematic  mechanism  transforms  back  into  shear  banding  and 
cracking  resulting  in  decrease  of  the  spall-strength  of  titanium  alloys. 

As  a  result  it  can  be  concluded  that  adequate  theoretical  model 
for  description  on  of  dynamic  fracture  of  titanium  alloys  should  in¬ 
clude  a  self-consistent  change  of  kinematic  mechanism  of  deformation 
and  fracture  depending  on  the  strain  rate. 
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INVESTIGATIONS  OF  THE  DYNAMIC  STRENGTH 
VARIATIONS  IN  METALS. 

S.V.Razorenov,  G.I.Kanel,  A.V.Utkm,  K.Baumung  ,  D.Rusch*, 

J.Singer* 

Institute  of  Problems  of  Chemical  Physics ,  Chernogolovka,  Russia, 
*Forschungszentrum  Karlsruhe,  Karlsruhe,  Germany 

The  line-imaging  laser  Doppler  interferometer  [1]  has  been  developed  to 
study  non-plane  motions  at  the  shock-wave  loading  of  condensed  matter. 
With  this  technique,  uniformity  of  strength  properties  of  materials  was  studied 
at  the  load  duration  of  ~10-7  sec  or  less  by  recording  and  analysis  of  the  free 
surface  velocity  profiles.  An  ion  beam  facility  “KALIF”  [2]  was  used  to  create 
shock  load  pulses  of  small  duration  in  the  samples.  More  or  less  notable  os¬ 
cillations  of  spall  strength  values  have  been  recorded  in  such  different  materi¬ 
als  as  the  coarse-grain  cast  magnesium  and  molybdenum  single  crystals. 

In  the  case  of  magnesium,  the  strength  variations  are  governed  by 
boundaries  of  grains.  Distribution  of  the  spall  strength  value  along  this  line  is 
shown  in  Figure  1.  .  This  diagram  indicates  that  the  spall  strength  is  changing 
from  point  to  point  in  the  sample,  but  despite  of  the  grain  boundary  in  the 
ORVIS  field  of  view,  there  is  not  any  sharp  jump  in  the  strength  distribution. 


Figure  l.The  spall  strength  distribution  in  magnesium 
calculated  from  free-surface  velocity  profiles. 

In  the  single  crystals,  small  reductions  of  the  spall  strength  magnitude 
were  accompanied  with  decreasing  acceleration  of  the  fracture  process.  This 
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phenomenon  was  qualitatively  explained  in  terms  of  activation  of  fracture  on 
relatively  non-numerous  larger  defects  which  are  occasionally  distributed  in 
the  material. 

1.  K.  Baumung,  J.  Singer,  S.V.  Razorenov,  and  A.  V.  Utkin,  Hydrodynamic 
proton  beam-target  interaction  experiments  using  an  improved  line¬ 
imaging  velocimeter.  APS  Conference  "Shock  Compression  of  Condensed 
Matter".  Seattle,  August  13-18  (1995). 

2.  K.  Baumung,  H.J.  Bluhm,  B.  Goel  et  al.  Shock-Wave  Physics  Experiments 
with  High-Power  Proton  Beams.  Laser  and  Particle  Beams,  14  (2),  pp. 
181-209  (1996). 


25 


DYNAMIC  PROPERTIES  OF  URANIUM  AT  UNIAXIAL 
COMPRESSION,  TENSION  AND  TEMPERATURES  OF  20- 

600  °C 

S.A.Novikov,  V.A.Pushkov,  V.A.Sinitsyn, 
B.L.Glushak,  O.N .Ignatova 

Russian  Federal  Nuclear  Center  -  VNIIEF,  Arzamas- 16,  Russia 

The  paper  presents  results,  obtained  by  dynamic  diagrams  of  uniaxial 
compression,  tension  of  uranium-238  and  its  alloy  with  molybdenum  at  stiains 
velocities  of  200-1800  s-'  and  temperatures  of  20-600  °C.  The  split-Hopkinson- 
bar  technique  was  used  for  the  tests.  The  explosive  method  of  loading  was 
used  for  dynamic  deformation  of  a  sample.  In  the  tests  at  the  elevated  tem¬ 
peratures  the  samples  heating  was  performed  by  electric  furnace  with  the 

heating  velocity  of  1  °C/s.  The  a-£  diagrams  were  obtained.  Values  of  yield 
strengths  and  dependences  of  yield  strength  on  strains  velocity  and  tempeia- 
ture  were  determined.  The  determining  equations,  given  in  the  analytical  form, 
were  set  up: 

a,=  a,(e„  T.P)  =  Afl{z)f2  (e,.)/3(e,)/4(s,) 

Several  examples  of  obtained  experimental  results  and  their  description 
with  use  of  determining  equation  are  presented  in  Tabl.  1,2  and  Fig.  1 . 


Fig.l.  Conditional  yield  limit;  o,  x  -  experimental  points, 
—  -  calculation  using  model 
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Table  1 

Conditional  yield  limit  of  U-238  under  dynamic  compression 


T,°C 

B/\  1/s 

a-02,  MpaexP 

ct-02,  Mpacalc 

■ 

100-420 

565±42 

531-552 

1300-1600 

660±80 

580-586 

100 

520-1040 

446+48 

496-510 

200 

160-1440 

440130 

416-453 

400 

540-890 

300±13 

328-334 

Table  2 

Conditional  yield  limit  of  U-238+Mo  under  dynamic  compression 


T,°C 

ef,  1/s 

cj-02,  MPaexP 

a-02,  Mpacalc 

H 

600-800 

868±54 

871-900 

1000-1400 

990±70 

924-965 

1 

1300-1800 

720±67 

670-700 

400 

800-1000 

426152 

420-432 

600 

850-1000 

332 

300-404 

The  present  work  was  performed  under  the  financial  support  of  the  Rus¬ 
sian  Fund  of  Fundamental  Investigations  (project  code  97-01-00344). 

SHOCK-INDUCED  a-©  PHASE  TRANSITION  AND 
KINEMATIC  MICROMECHANISMS  OF  DYNAMIC 
FRACTURE  OF  THE  SHOCK  LOADED  TITANIUM 

ALLOYS 

Yu.I.Mescheryakov,  A.K.Divakov,_N.I.Zhigacheva5  Yu.A.Petrov 

Institute  o  f  Mechanical  Engineering  Problems,  Saint-Petersburg,  Russia 

A  studying  of  the  shock-induced  phase  transitions  and  spallation  in  the 
single-  and  two-phase  titanium  alloys  VT3-1,  VT-6,  VT-16  and  VT-20  has 
been  performed  by  using  the  interferometric  free  surface  velocity  measure¬ 
ments  and  post-shocked  SEM-investigations  of  microstructure  state.  Titanium 
alloys  reveal  a  non-monotonous  behavior  of  spall-strength  value  within  im- 
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nact  velocity  range  of  270-560  m/s.  Under  impact  velocities  between  400  m/s 
and  490  m/s  spall-strength  appears  to  be  maximum.  In  accordance  with  the 
microstructureP  investigations  just  that  interval  of  impact  velocities  corre¬ 
sponds  to  rotational  (vortex)  kinematic  mechanism  of  dynamic  fracture  while 
outside  that  interval  the  main  kinematic  mechanisms  turns  out  to  be  the  shear 
banding  and  nucleation  and  grow  of  tensile  cracks.  SEM-  investigations  o 
post  shocked  targets  show  that  rotational  cells  represent  the  screw  vortex  - 
[nations  of  7-10  pm  in  diameter  and  15-20  pm  length.  Separate  screw  rotations 
are  united  into  chains  of  60-100  pm  length.  SEM-patterns  of  these  chains  tes¬ 
tify  that  every  next  screw  rotation  turns  relative  previous  by  V 80».  The  screw 
rotational  cells  as  a  rule  are  linked  with  the  fine  cracks  of  2-5  pm  thick  and  15- 
20  urn  length.  Their  density  is  maximum  within  impact  velocity  interval  of 

40°"  AH  east  three  stages  of  the  screw  rotation  formation  can  be  identified 
Due  to  heterogeneous  character  of  dynamic  deformation  and  fracture  all  thiee 
stages  are,  in  principle,  developed  within  overall  range  of  impact  velocities^ 
However,  under  impact  velocities  of  450  m/s  the  first  and  the  second  ate 
mainly  realized.  These  stages  are  characterized  by  nucleation  of  ciack  around 
the  future  screw  rotation  cell,  so  that  the  material  inside  the  future  rotation 
cell  is  not  fragmented.  With  increasing  the  impact  velocity  the  second  and  the 
third  stages  begin  to  dominate.  Fragmentation  of  inner  structure  herein  is 
more  distinctive.  Fragmented  structure  of  rotation  cell  itself  incorpoiated  into 
screw  rotation  motion.  Lastly,  the  third  stage  of  development  . >f  the  ro¬ 

tation  is  characterized  by  the  ultimate  fragmentation  and  total  sctew  motion 
of  fragmented  material  around  common  longitudinal  axis  of  the  rotation  ce  . 

Shock  tests  has  also  revealed  the  direct  a -ho  and  reverse  to->a  phase 
transitions  during  the  direct  and  release  stages  of  compressive  pulse  respec¬ 
tively  In  the  VT-6S  titanium  alloy  the  threshold  for  direct  a-xo  phase  transi¬ 
tion  increases  from  2.55  GPa  under  impact  velocity  of  233  m/s  to  5.46  GPa 
under  velocity  of  545  m/s,  which  coincides  with  the  analogous  data  obtained  in 
111  for  high-puritv  titanium.  The  reverse  phase  transition  is  fixed  as  a  series  of 
short  drops  of  the  free  surface  velocity  at  the  back  front  of  compressive  pulse 
("beard")  The  "beard"  has  not  previously  been  seen  on  the  fiee  suiface  veloc- 
tv  profiles  for  any  other  metals,  it  is  inherent  to  the  titanium  alloys  only.  Af¬ 
ter  "beard"  the  slope  of  back  front  decreases  and  moment  of  spallanon|sde- 
laved  whereas  the  pull-back  velocity  increases  approximately  by  30  /o.  bimilar 
behavior  of  reverse  front  of  compressive  pulse  at  the  fre?  surface  velocity  pro¬ 
file  can  be  seen  within  the  impact  velocity  range  of  300-560  m/s.  The  value  of 
threshold  stress  for  the  release  phase  transition  increases  with  increasing  the 
strain  rate.  For  example,  in  VT-6S  titanium  alloy  its  value  increases  from  1.37 
GPa  to  3.54  GPa  when  impact  velocity  increases  from  233  m/s  to  545  m/s. 

\  role  of  reverse  o>->a  phase  transition  in  spall  properties  of  titanium 
alloys  under  investigation  is  unclear  yet.  This  role  may  be  important  in  three 
aspects. 
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Firstly,  it  influences  on  the  formation  of  very  unusual  conical-cylindrical 
geometry  of  spall  plate.  Similar  situation  has  previously  been  described  by 
Shockey  et.ai  [2]  during  the  shock  tests  of  steel  plates.  By  mean  of  two- 
dimensional  simulation  which  takes  into  account  the  possibility  for  reverse 
e-Hx  phase  transition  during  the  spallation  of  steel  in  posterior  paper  Bertholf 
et  al.  [3]  proved  that  multiple  compressive  shocks  and  rarefaction  shock  pro¬ 
duce  a  square  stress  pulse  in  the  stress-axial  position  plane,  which  results  in 
nearly  perfect  transfer  of  momentum  to  the  spall  zone  of  target.  Simulation 
shows  that  under  phase  transition  condition  interaction  of  rarefaction  waves 
results  in  conical  shape  of  spall  zone.  Just  the  same  situation  occurs  in  our  ex¬ 
periments.  All  the  spall  plates  have  the  evident  conical  shape  and  this  can  serve 
as  additional  conformation  of  presence  of  reverse  co— xx  phase  transition  in 
dynamically  loaded  titanium  alloys. 

Secondly,  three-dimensional  character  of  the  particle  velocity  dispersion 
at  the  mesolevel  is  thought  to  be  necessary  but  not  sufficient  condition  for  nu- 
cleation  of  the  screw  rotations  within  the  spall  zone.  Presence  of  appreciable 
value  of  the  particle  velocity  dispersion  has  previously  been  seen  in  some  of  the 
other  materials  but  rotations  have  not  been  found  out  there.  Reverse  co-*a 
phase  transition  in  titanium  decreases  the  density  of  alloy,  converts  it  into  un¬ 
stable  state  for  short  time  of  atomic  rebuilding  and  thereby  decreases  the  stress 
threshold  for  the  plastic  rotation  of  matter. 

Thirdly,  with  increasing  the  impact  velocity  (>  500m/s)  thresh¬ 
old  for  the  reverse  phase  transition  gradually  increases.  Under  these 
conditions  nucleation  of  rotation  becomes  difficult  and  their  density 
decreases.  In  this  range  of  impact  velocities  the  spallation  performs 
mainly  by  means  of  nucleation  and  grow  of  cracks  parallel  to  the  free 
surface  of  target.  Rotation  motion  of  medium  is  known  to  dissipate  the 
shock-wave  energy  in  the  more  effective  manner  compared  to  shear 
banding  or  cracking.  That  is  why  the  dynamic  strength  of  titanium  al¬ 
loys  is  appreciably  decreases  when  density  of  screw  rotations  decreases. 

As  a  result  it  can  be  concluded  that  an  adequate  modeling  of 
dynamic  fracture  of  titanium  alloys  should  take  into  account  both 
shock-induced  phase  transitions  and  self-consistent  change  of  kine¬ 
matic  micromechanism  of  dynamic  fracture  in  the  strain-rate  range. 

1.  S.V.  Rasorenov,  A.V.  Utkin,  G.I.  Kanel,  V.E.  Fortov,  A.S.  Yarunichev, 
K.  Baumung,  H.U.  Karow.  High  Pressure  Research,  1995,  vol.  13,  pp.367- 
376 

2.  D.A.  Shockey,  D.R.  Curren,  P.S.  De  Carli.  J.  of  Applied  Physics  1975 
Vol.  46,  No  9,  pp.  3766-3775. 

3.  L.D.  Bertholf,  L.D.  Baxton,  BJ.  Thorne,  R.K.  Byers,  A.L.  Stevens,  S.L. 
Thompson.  J.  of  Applied  Physics.  1975.  Vol.  46,  No  9,  pp.  3776-3783. 


29 


CVMMFTRY  of  converging  explosion  initiation 

IndS?TERN  OF  STEEL  SPECIMEN  DESTRUCTION 
B.V.  Litvinov,  M.A.  Lebedev,  D.M.  Lebedev 

Russian  Federal  Nuclear  Center  -VNIITF,  Chelyabinsk-70,  Russia 

Authors  of  the  current  presentation  in  previous  papers  /I -3/  have  already 
considered  the  influence  of  symmetry  on  development  and  final  outcome  o 
explosion  as  a  systematic  and  unidirectional  phenomenon  /4/  the  initial  sym¬ 
metry  of  which  is  set  by  initiation  either  in  a  point,  or  along  the  surface  by  in 
advance  developed  initiation  system  (IS).  Not  only  initial,  but  also  interim  and 
final  symmetries  of  explosion,  i.e.  symmetry  of  explosive  devlce  ^ect  0n  envl' 
ronment  will  depend  both  on  all  its  other  parts  «nt^?n“d“*e^  are 
The  results  of  experiments  with  cubic  charge  of  high-explosive  fHE)  are 
covered  in  the  presentation.  The  charge  with  composition  TNT/RDX  40  60 
and  density  1.68  10’  kg/m-’  was  made  as  two  parts  and  had -a  spherical  cav  ty 
inside  dia  90mm.  A  bulk  steel  specimen  made  of  30X13  steel  also  with  d  . 
90mm  was  put  in  this  cavity.  The  specimen  was  mounted  with  the  orientation 
of  longitudinal  filament  (parallel  to  ingot  rod  axis)  perpendicular  to  the  joint 

(equator)  of  two  parts  of  cubi£  charge.  ,  ,  ■  o 

'  q  Thus  from  the  set  of  Initially  diverging  detonation  waves  (DW),  the 
number  of  which  is  equal  to  that  of  initiation  points  a  sing  e  rather  compli¬ 
cated  converging  to  the  center  DW  was  generated  with  the  help  of  different  IS^ 
This  detonation  wave  transforms  to  similarly  complicated  shock  wave  (SW) 
more  closely  to  the  center,  the  former  at  convergence  to  the  symmetry  center 
(center  of  the  specimen)  changes  its  configuration  and  naturally  tends  to  be¬ 
coming  spjierica^^  center  this  SW  focuses  and  reflects  as  SW  diverging 
along  the  specimen  and  along  the  explosion  products.  The  surface  of  divetging 

SW  is  an  inversion  of  converging  One.  .  .  . 

The  charge  was  blasted  in  the  air,  and  synchronous  initiation  was  pei- 

formed  under  three  different  schemes: 

-  initiation  in  the  center  of  each  facet  of  the  cube,  ' 

-  initiation  along  the  ribs  of  the  cube  with  the  help  of  linear  detonation 

W3Ve 5fnit iati ion  from  the  facets  of  the  cube  in  16  points,  uniformly  located  on 

each  cubefacer  ecjrnen  -  boundary  convergjng  Dw  leaves  the  traces  on  the 

steel  in  the  places  of  elevated  pressure.  Actually  the  grid  of  tetragons  is  notice¬ 
able  on  the^pecimens,  generated  by  the  traces  of  DWs  encounter  on  jhetr  sur- 
faces.  Both  number  and  the  shape  of  these  tetragons  correspond  to  initiation 
schemes  described  above,  i.e.  this  number  is  equal  to  six,  twelve  and  96. 

But  initial  conditions,  set  as  IS,  are  uniformly  revealed  also  in  Ensure 
relief  wave  (RW),  further  propagating  to  the  center,  as  the  number  and  the 
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shape  of  fragments,  formed  at  specimen  destruction,  corresponds  to  initiation 
scheme  in  each  experiment.  The  specimens  as  a  rule  were  destroyed  uniformly, 
i.e.  in  the  places  of  DWs  encounter  and  in  accordance  with  initiation  schemes. 

At  initiation  in  the  centers  of  all  the  facets  all  six  fragments  have  tetrago¬ 
nal  bottoms,  are  the  most  big  and  therefore  the  most  relevant  and  demonstra¬ 
tive  for  visual  examination. 

At  initiation  along  the  cube  ribs  the  bottoms  of  fragments  are  rhombic 
with  the  angles  ~90°  and  ~120°  in  the  vertexes.  Thus  four  adjacent  rhombs 
meet  under  the  angles  90°  under  the  center  of  each  facet,  and  three  rhombs 
under  angles  120°  under  each  point  of  charge  ribs  intersection. 

A  t  initiation  from  cube  facets  the  dimensions  of  the  fragments  also  de¬ 
crease  compared  to  the  first  experiment,  and  they  also  have  the  shape  of 
tetragonal  pyramids,  but  only  in  the  bottom,  the  vertexes  of  these  pyramids 
are  not  directed  to  the  center  of  the  ball. 

The  observed  effect  does  demonstrate  not  only  the  diversity  of  waves  in¬ 
teraction  patterns  and  necessity  of  further  research  of  phenomenon,  but  also 
indicates  to  possibility  of  explosion  effect  control,  for  instance,  at  fragmenta¬ 
tion  of  bulk  scrap  or  at  technological  fragmentation  (including  pulverization) 
of  different  materials. 

In  several  practical  applications,  for  example,  at  necessity  of  loaded 
specimen  recovery,  the  described  phenomenon  is  extremely  undesirable  and 
requires  special  effort  for  its  elimination,  that  will  also  be  the  control  of  explo¬ 
sion  effect. 

A  demonstrative  example  of  such  type  of  control  would  be  an  experi¬ 
ment,  similar  to  one  with  initiation  in  the  centers  of  the  facets,  where  an  air 
gap  of  5  mm  would  be  additionally  formed  between  HE  and  a  specimen  dia. 
80  mm.  The  grid,  corresponding  to  initiation  scheme  is  visible  on  specimen 
surface  as  before.  However,  the  lines  of  this  grid  are  formed  not  by  the  en¬ 
counter  of  detonation  waves  as  in  the  first  experiment,  but  by  plastic  deforma¬ 
tion  of  specimen  surface  under  effect  of  explosion  products  flows,  coming  to 
this  surface  under  varying  angles,  in  the  places  of  their  encounter.  Therefore 
these  lines  look  not  like  depressions,  but  like  sharpened  prominences,  slightly 
resembling  welded  seam  and  as  if  constricting  the  elastic  ball. 

The  cavity,  formed  at  pressure  relief,  having  an  octahedral  shape  with  the 
vertexes  under  initiation  points,  located  also  in  the  octahedron  vertexes,  also 
attracts  the  attention. 

1.  Litvinov  B.V.,  Lebedev  M.A.  Symmetry  and  Explosive  Devices  //  III  Za- 
babakhin  Scientific  Talks,  Abstracts  of  presentations.  Chelyabinsk-70, 
VNIITF,  1991,  p.80,  also  Russian  journal:  Chemical  Physics,  1993,  12, 
#5,  pp. 726-734  (in  Russian). 

2.  Lebedev  M.A.,  Litvinov  B.V.  The  Peculiarities  of  Methodology  for  Explo¬ 
sive  Devices  Development  //  X  Symposium  on  Combustion  and  Explo¬ 
sion,  Abstracts  of  presentations,  Chernogolovka,  1992,  pp.  41-43  (in  Rus¬ 
sian). 
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3.  Lebedev  M.A.,  Litvinov  B.V.  On  Methodology  of  Explosive  Devices  De- 
signing  //  Russian  journal:  Chemical  Physics,  1993,  12,  #5,  pp. 723-726  (in 

Russian).  ,  _  ,  .  „ 

4  Lebedev  M.A.,  Litvinov  B.V.  Methodological  view  to  the  Explosion  Proc- 
ess  II  International  Conference  “  High  Pressure  Science  and  Technology”: 
Warsaw,  Poland,  1995.  Abstract  #299/ThP-K9;  also  IV  Zababakhin  Sci¬ 
entific  Talks,  Abstracts  of  presentations,  Snezhinsk,  1995,  pp. 68-69. 

PRESHOCK-INDUCED  PHASE  TRANSITION  IN  SPALLED 

U-0.75WT%TI 

A.  K.  Zurek 


Los  Alamos  National  Laboratory,  Los  Alamos,  USA 

Uranium-0. 75wt%Ti  samples  were  spalled  in  the  range  of  5-24  GPa 
shock  pressure.  One  sample  was  preshocked  to  a  pressure  of  24  GPa,  “soft 
recovered,  and  then  reloaded  and  spalled  at  10  GPa.  The  spall  strength  of  U- 
3/4wt%Ti  was  found  to  range  from  -4.1  to  -2.9  GPa  when  the  Romanchenko 
correction  is  used  in  the  spall  strength  calculation.  The  spall  morphology  of 
the  sample  that  was  preshocked  and  then  spalled  showed  a  significant  change 
in  microstructure  from  a  parent  alpha’  martensite  to  a  2-phase  eutectoid.  The 
thermodynamically  calculated  temperature  rise  resulting  from  the  preshock  at 
15-24  GPa  in  these  samples  is  ~555°C.  This  temperature  is  not  sufficient  to 
induce  such  a  phase  change.  However,  the  preshock  conditions  additionally 
increase  the  flow  stress  of  the  U-3/4wt%Ti,  and  it  is  postulated  that  Jhis  addi¬ 
tional  hardening  is  sufficient  to  increase  the  temperature  above  885°C  due  to 
the  increased  amount  of  plastic  work  required  during  spall,  thereby  tiiggeiing 
the  phase  change. 


Figure  1.  Optical  micrographs  showing  morphology  of  ma¬ 
terial  prior  to  shock  loading  (a),  after  a  spall  test  at 
10  GPa  shock  pressure  (b),  and  after  preshock  at  24 
GPa  followed  by  a  spall  at  10  GPa  shock  pressure 
(c). 

The  microstructure  of  the  spalled  depleted  U-0.75wt%Ti  samples  will  be 
presented.  The  microstructure  of  the  spalled  sample  preceded  by  the  high 
strain  rate  preshock  showed  eutectoid  morphology  of  a  +  LbTi  phase,  unlike 
the  samples  that  were  spalled  only,  which  did  not  change  their  original  a’ 
martensite  laths  morphology.  The  spall  strengths  of  depleted  U-0.75wt%Ti  in 
a  range  of  5-24  GPa  shock  pressure  will  be  listed. 

In  summary,  the  spall  strength  of  this  alloy  decreases  with  the 
increasing  shock  pressure.  However,  a  substantial  decrease  in  spall 
strength  is  measured  for  the  preshocked  and  spalled  sample.  The  pre¬ 
dominantly  ductile  dimple  fracture  surface  morphology  was  observed 
in  all  the  samples,  with  increasing  cleavage  associated  with  an  increased 
shock  pressure. 


QUANTITATIVE  DAMAGE  EVOLUTION  IN  TANTALUM 
UNDER  SPALLATION  CONDITIONS 

W.  Richards  Thissell,  Anna  K.  Zurek,  Jesus  M.  Rivas,  Davis  L. 
Tonks,  Robert  S.  Hixson 


Los  Alamos  National  Laboratory .  Los  Alamos,  USA 

The  three-stage  process  of  nucleation,  growth,  and  coalescence  of  voids 
characterize  ductile  fracture.  Considerable  energy  can  be  expended  in  this 
process  prior  to  the  formation  of  failure  surfaces  (i.e.,  a  crack).  The  physics  of 
this  process  are  intrinsically  very  complex,  inherently  statistical  in  nature,  and 
depend  markedly  upon  microstructure,  impurity  nuances,  loading  rate,  prior 
loading  history,  and  stress-state.  Hence,  ductile  fracture  behavioi  can  be  diffi¬ 
cult  to  predict  and  is  the  subject  of  considerable  modeling  research  centered 
not  only  at  duplicating  the  behavior  of  known  materials,  but  also  diiected  to¬ 
wards  developing  stochastic  tools  for  materials  development  [1-6]. 

The  stress-state  is  commonly  described  in  fracture  experiments  by  the  de¬ 
gree  of  stress  triaxiality,  normalized  as  the  mean  hydrostatic  stress  divided  by 
twice  the  flow  stress,  -P/2t.  Pure  shear  experiments  have  a  stress  triaxiality  of 
zero.  Uniaxial  tension  experiments  have  a  stress  triaxiality  of  1/3  up  to  the 
formation  of  a  neck,  increasing  to  about  unity  at  failure  after  incipient  neck 
formation.  Spallation,  however,  is  an  experimental  condition  resulting  in  very 
high  levels  of  stress  triaxiality,  ranging  from  about  7  to  30.  Spallation  is  an  ex¬ 
perimental  condition  resulting  from  the  intersection  of  two  rarefaction  waves 
traveling  in  opposite  directions;  hence  it  is  a  high  strain  rate  (~105  1/s)  experi¬ 
ment  of  controlled  pulse  duration  (~  100's  ns)  [7]. 

The  stress-state  of  loading  profoundly  effects  the  degree  and  type  of  plas¬ 
tic  flow  in  the  material,  the  shape  of  the  resulting  voids,  the  porosity  at  failure 
surface  formation,  and  the  number  density  and  size  distribution  of  voids.  In¬ 
creasing  stress  triaxialities  lead  to  more  uniaxial  strain  and  less  uniaxial  stress, 
resulting  in  less  global  directional  How  yet  greater  localized  directional  flow 
between  voids.  Increasing  stress  triaxialities  also  result  in  more  spherical 
(smaller  aspect  ratio)  voids  in  highly  ductile  materials.  Increasing  stress  triaxi¬ 
alities  also  cause  increasing  porosity  in  the  immediate  vicinity  of  the  failuie 
surface.  Finally ,  the  number  density  and  size  distribution  of  voids  also  increase 
with  increasing  stress  triaxiality.  Figure  1  shows  a  micrograph  of  incipient 
damage  in  tantalum  under  spallation  loading  conditions. 
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This  paper  quantitatively  describes  the  damaged  microstructures  result¬ 
ing  from  recovered  incipient  spallation  experiments  performed  on  two  purities 
of  tantalum.  The  starting  materials  were  annealed  in  vacuo  at  1100  °C  for  one 
hour  and  had  a  mean  grain  size  of  43  and  68  pm  for  all  of  the  tests.  We  per¬ 
formed  all  of  the  experiments  in  a  gas  gun  with  identical  flyer  and  target  geo¬ 
metries,  but  at  varying  flyer  plate  velocities.  Hence,  the  significant  variable  is 
the  compressive  and  tensile  stress  amplitudes  among  the  tests  in  the  same  ma¬ 
terial. 

The  quantitative  analysis  combines  two-dimensional  image  analysis  with 
optical  profilometry  of  metallographic  sections  cut  normal  to  the  incipient 
failure  surface  [8-10].  The  quantified  microstructural  parameters  include  void 
size  (true  and  cross-sectional),  position,  aspect  ratio,  void  clustering,  and  void 
linking.  We  present  statistical  analyses  of  these  parameters  and  describe  the  ef¬ 
fect  of  stress  pulse  amplitude  on  the  evolution  of  these  parameters. 


Figure  1:  Incipient  damage  in  spalled  tantalum  showing  void  clustering, 
void  linking,  a  wide  range  of  void  sizes,  and  about  25  percent  porosity  in  the 
plane  of  maximum  porosity. 
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FORMATION  AND  STRUCTURE  OF  ADIABATIC  SHEAR 
BANDS  IN  ZIRCONIUM  IN  SPHERICAL  STRESS  WAVES 

E.A.  Kozlov,  V.M.  El'kin,  B.V.  Litvinov,  A.V.  Dobromyslov*,  N.I. 
Talutz*,  N.V.  Kazantzeva* 

Russian  Federal  Nuclear  Center  -  VNIITF,  Chelyabinsk-70,  * Institute  of 
Metals  Physics,  Ekaterinburg,  Russia 

Study  into  structure  of  the  adiabatic  shear  bands  (ASB)  and  the  peculi¬ 
arities  of  their  formation  in  zirconium  subjected  to  the  action  of  spherically 
conversing  shock  waves  of  different  intensity  has  been  performed.  It  has  been 
revealed  that  under  the  low-intensive  mode  of  loading  the  ASB  occurrence  is 
mainlv  observed  in  the  laver,  ~  1  mm  in  thickness,  which  is  found  near  the 
plastic  fracture  cavity  being  formed  in  the  center  of  the  ball  and  in  the Tayer  ~ 

2  mm  in  thickness  which  is  adjacent  to  the  surface  of  loading.  Under  the  high¬ 
intensive  mode  of  loading  ASB  is  observed  in  all  layers,  independently  of  the 
layer  position  depth  in  the  ball,  however,  their  number  is  greater  near  the  cen¬ 
tral  cavitv  of  plastic  fracture.  The  characteristic  features  of  ASB  in  zirconium 
are  their  propagation  in  different  directions,  including  th°^  differing  from  the 
radial  and  tangential  ones,  branching  into  the  more  small  bands  that  leads  to 
the  tree-like  structure,  formation  of  local  zones  of  melting  and  the  availability 
of  the  fine  internal  structure.  Such  peculiarities  of  ASB  have  not  been  previ¬ 
ously  observed.  The  occurrence  of  the  complex  structure  inside  the  adiabatic 
shear  bands  is  associated,  perhaps,  with  the  nonhomogeneous  localization  ot 

the  deformation  with  increasing  the  band  width. 

E.A. Kozlov  et  al.,  Rep.  Russ.  Academy  Sci.,  1998  (in  print) 
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PECULIARITIES  OF  DEFORMATION  AND  SPALL 
FRACTURE  OF  AUSTENITIC  STEEL  60C3G8N8F  IN 
SPHERICAL  STRESS  WAVES 

E.A.  Kozlov,  G.V.  Kovalenko,  B.V.  Litvinov,  A.I.  Uvarov,  *  V.A. 

Teplov* 

Russian  Federal  Nuclear  Center  -  VNIITF,  Chelyabinsk-70,  Institute  of 
Metals  Physics,  Ekaterinburg,  Russia 

A  sphere  having  64  mm  in  diameter  and  made  of  austenitic  steel 
60C3G8N8F  was  loaded  by  spherically  converging  shock  waves.  Initial 
pressure  on  the  sphere  surface  has  amounted  to  50  GPa,  loading  impulse 
duration  has  been  equal  to  2  ps.  Change  in  pressure  P(R,t)  and  temperature 
T(R,t)  for  a  number  of  Lagrange  particles  being  highly  and  deeply  located 
along  the  radius  has  been  evaluated  by  the  numerical  modelling  method.  At 
the  front  of  the  spherically  converging  shock  wave,  at  the  radius  of  3  mm,  the 
calculated  pressures  and  temperatures  have  been  estimated  to  be 
approximately  equal  to  190  GPa  and  3700  °C,  respectively.  The  loading 
impulse  parameters  provided  for  the  compressed  and  recovered  sample  are 
sufficient  for  the  high-strain-rate  deformation  of  material  in  solid-state  in  the 
layers  located  highly  along  the  radius  (R  >  4-6  mm),  for  melting  at  the 
spherically  converging  shock  wave  front  at  deep  radii  (R  <  3  mm)  as  well  as 
for  melting  the  boundaries  of  grains  during  unloading  in  layers  at  R  <  6  mm. 
As  a  result  of  loading  by  intensive  stress  waves,  in  the  sphere  material,  the 
numerous  defects  of  microstructure  have  appeared  and  in  the  center  the  cavity, 
8.18  cm’  in  volume  and  12.5  mm  in  radius,  has  formed.  Inside  the  cavity  the 
rounded  central  body  being  insulated  from  the  main  mass  of  the  sphere  and 
having  diameter  being  approximately  equal  to  1 1  mm  -  a  convergent  spall 
which  has  formed  during  the  reflection  of  the  second  converging  shock  wave 
from  the  cavity  boundary  has  been  revealed  [1].  The  results  of  investigations 
performed  by  the  method  of  optical,  scanning  and  transmission  electron 
microscopy  into  the  compressed  and  recovered  sphere  material  as  well  as  the 
peculiarities  of  the  convergent  spall  material  are  presented. 

[1]  E.A. Kozlov  et  al..  Rep.  Russ.  Acam.  Sci.,  1998,  v.  358,  No.  2,  pp. 
189-192. 
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LOW  OF  STRUCTURE  AND  SOME  PROPERTIES 
CHANGE  IN  COPPER  SPHEREAFTER  LOADING  BY 
SPHERICAL  WAVES 

L.F.Timofeeva,  V.M.Filin,  V.I.Bulkin,  E.A.Klepatskay, 

V.I.Krivova 

Institute  of  Inorganic  Materials ,  Moscow,  Russia 

The  detail  systematically  study  of  the  microstructure,  the  distribu¬ 
tion  of  defects,  the  density,  the  microhardness  and  the  microstress 
change  low  by  copper  sphere  radius,  saved  after  loading  by  spherical 
convergent  stress  waves  under  pressure  in  the  sphere  center  to  200 
1000  GPa  at  pulse  duration  up  to  0.5  -1 .5ms  have  been  carried  out.  The 
manufacture  of  the  sphere,  the  experiment  by  shock-wave  loading  have 
been  done  in  RFNC  -Research  Institute  of  Technical  Physic  under  the 
leadership  of  Dr.  A. Kozlov. 

The  results  of  the  study  of  the  sphere  material  structure  and  prop¬ 
erties  after  loading  have  been  already  published  in  IV.  Some  peculiari¬ 
ties  of  the  close  to  surface  layer  microstructure  from  the  side  of  the  cen¬ 
tral  cavity  were  found  :  there  are  gas  bubbles,  leading  to  swelling  of  the 
areas  of  metal  melted  under  loading  and  local  gas  redistribution  might 
leading  to  the  eutectic  type  biphase  structure  formation.  Characteris¬ 
tics  of  point  defects,  their  type  and  concentration  were  defined  :  single 
vacancies  of  radius  of  0.13  nm  predominate,  maximum  concentration 
of  defects  -  30x1  O  '7  at.-’  is  found  in  the  sample  located  on  the  sphere  pe- 
ripherv.  There  is  proper  correlation  between  material  structure  and 
properties  change  :  the  material  with  numerous  traces  of  deformation 
has  the  biggest  strengthening,  microhardness  riches  of  values  110-120 
kg/mm2  on  the  middle  of  sphere  radius,  the  level  of  microstresses  is  also 

the  highest  . 

1  E. A. Kozlov,  B.V. Litvinov,  I.C.Kabin  et  al.  Report  in  1991  Topical  Con- 
ferens  of  APS  on  Shock  Compressions  on  Condensed  Matter,  June  17-21, 
1991. 
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RELIEF  OF  THE  CENTRAL  CAVITY  SURFACE  FORMED 
IN  COPPER  SPHERE  UNDER  LOADING  BY  SPHERICAL 
CONVERGENT  WAVES  OF  STRESSES 

L.F.Timofeeva,  N.I.Nogin 

Institute  of  Inorganic  Materials ,  Moscow,  Russia 

The  results  of  the  surface  microctructural  study  of  the  central 
cavity  of  radius  12  mm,  formed  in  copper  sphere  of  diameter  64  mm  in 
process  of  loading  by  spherical  convergent  waves  under  pressure  in  the 
sphere  center  to  200  -1000  GPa  under  pulse  duration  to  0.5  -1.5  ms. 
The  manufacture  of  the  sphere,  the  experiment  by  shock-wave  loading 
have  been  done  in  RFNC  Research  Institute  of  Technical  Physic  under 
the  leadership  of  Dr.  E.A. Kozlov  .  The  results  of  study  of  the  sphere 
material  structure  and  properties  after  loading  have  been  already  pub¬ 
lished  in  /I /  and  added  in  111. 

The  surface  of  internal  cavity  has  complicated  and  various  relief 
formed  at  the  account  of  different  shapes  and  sizes  figures  growth 
(Fig.  1).  They  are  generally  spherical  or  hemispherical  many  layers  for¬ 
mations  connected  with  surface  in  point  or  “by  leg”  of  size  from  sev¬ 
eral  microns  to  millimeters,  cones  and  cylinders,  finishing  by  bolls  or 
bv”  hats”,  more  rarely-  by  rectangle  plates,  whiskers  in  shape  of  cord 
or  flat  tapes.  As  a  rule,  around  rather  big  crystals  connected  with  sur¬ 
face  there  are  circle  recesses,  formed  in  result  of  diffusion  material 
withdrawal  from  surrounding  areas  to  a  basis  of  a  growing  crystal.  Mi¬ 
crostructure  of  them  is  characterized  of  elongated  recrystallised  grains 
having  the  eutactical  type  biphase  structure,  which  is  copper  -  oxigen 
eutectic. hypothetically.  There  are  numbers  of  voids  in  which  gas  con¬ 
centration  possible  throws  out  some  parts  of  material  and  in  result  of  it 
the  holes  on  cavity  surface  are  formed  (Fig. 2). 

It  was  simulated  on  base  of  morphological  peculiarities  and  mi¬ 
crostructure  analysis.that  remarkable  part  of  figures  on  surface  have 
been  formed  by  diffusion  way  similar  to  formations  appeared  under 
ion  bombardment  of  material  surface  under  stress  condition  of  surface 
at  temperatures  0.3-0. 4  Tmeit  during  several  hours,  but  sometimes  dur¬ 
ing  many  hours  /3/.  Some  peculiarities  of  the  observed  relief  might  be 
connected  with  formation  of  particles  by  condensation  of  vapor  and 
their  subsequent  coagulation  /4 /.  The  study  of  the  considered  relief 
leading  to  modification  of  surface  properties  discovers  new  sides  of 
physic  of  shock  -  wave  influence  on  material. 
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DYNAMIC  RESPONSE  OF  PTFE  UNDER  THE  SHOCK 
LOADING  AND  RELEASE 

S.  A.  Bordzilovski,  and  S.  M.  Karakhanov 

Lavrentyev  Institute  of  Hydrodynamics,  Novosibirsk,  Russia 

In  the  field  of  studies  of  mechanical  properties  and  strength  of 
materials  it  is  possible  to  select  a  range  of  stresses  from  10  to  100  GPa 
with  the  strain  rate  above  104  sec-1,  reached  by  means  shock  waves.  In 
this  range  metals  were  explored  sufficiently  well  and  a  certain  point  of 
view  was  developed  about  their  shock  response.  However  such  class  of 
materials  as  polymers  was  insufficiently  understood.  In  contrast  with 
metals  they  have  smaller  density,  but  the  main  difference  is  a  peculiar 
internal  structure. 

The  dislocation  theory  is  applied  to  understand  the  deformation 
of  metals,  but  this  description  does  not  approach  for  polymers.  On  the 
other  hand,  it  seems  rather  natural  to  describe  the  mechanical  relaxa¬ 
tion  and  strength  of  polymers  in  terms  of  Maxwell  viscosity  [1]. 

The  objective  of  this  work  is  to  receive  a  useful  information  about 
the  dynamic  behavior  of  polytetrafluoroethylene  (PTFE)  under  the 
shock  loading  and  release.  The  Lagrange  analysis  was  used  as  a  main 
method  to  study.  In  this  method  the  mechanical  properties  of  material 
are  investigated  by  measuring  the  evolution  of  stress  -  time  histories 
[2].  The  analysis  of  a  set  of  stress  histories  recorded  by  embedded  man- 
ganin  gages  gave  the  path  of  particle  in  the  stress  -  strain  plane. 

Experiments  were  carried  out  in  two  variants.  In  the  first  one,  the 
samples  were  loaded  by  the  single  stress  pulse  with  the  amplitude  var¬ 
ied  from  16  to  27  GPa  with  the  subsequent  release.  In  these  shots  the 
first  jump  of  stress  was  followed  by  compression  up  to  maximum  am¬ 
plitude  with  the  rise  time  «  0.3  psec.  The  front  structure  is  typical  for 

41 


the  model  based  on  the  Maxwell  representation  of  viscoelastic  behavior 
of  a  material  with  a  constant  relaxation  time. 

In  the  second  set  of  experiments  the  first  stress  jump  «  27  GPa  was 
followed  by  the  reshock  raising  stress  up  to  33  GPa  and  the  rarefaction 
wave.  The  profile  of  stress  wave  was  predetermined  by  the  geometry  of 
the  loading  assembly  while  evolution  depended  on  the  mechanical 
properties  of  PTFE.  The  polymer  was  characterized  by  nearly  the  sta¬ 
tionary  profile  or  the  reshock  pulse.  The  weak  dispersion  observed  was 
caused  by  reducing  of  sound  velocity  by  5-10  %  along  the  curve  of  sec¬ 
ondary  compression. 

Experiments  have  shown  that  the  loaded  PTFE  sample  at  the 
stress  of  about  27  GPa  behaves  like  viscous  liquid  with  shear  stress  of 
about  0.37  GPa.  It  was  clearly  understood  when  taking  into  account 
the  loading,  reloading  and  release  curves  in  the  stress  —  strain  plane, 
and  absence  of  the  distinctive  points  corresponding  to  the  beginning  of 
yielding  in  case  of  typical  elastic-plastic  materials.  The  pathways  in  the 
stress  —  strain  plane  differed  significantly  from  those  for  metals  investi¬ 
gated  earlier  by  the  Lagrange  analysis  method  [3]. 

The  results  let  us  draw  to  conclusion  that  at  the  stresses  of  several 
tens  GPa  and  strain  rates  of  more  than  103  sec-|  shock  compressed 
PTFE  samples  GPa  behave  like  viscous  liquid  with  some  pattern  of 

elastic-plastic  materials.  . 

As  the  stress  decreases  down  to  «  2.5  GPa  the  elastic-plastic  be¬ 
haviour  prevails,  but  when  the  stresses  goes  up  to  27  GPa  the  viscosity 
of  polymer  becomes  the  dominant  mechanism  of  deformation. 

The  sound  velocity  was  determined  from  the  slope  for  both  load¬ 
ing  and  release  curves  in  stress  -  strain  plane.  The  results  show  the  de¬ 
struction  of  the  PTFE  polymer  under  shock  loading  at  «  27  GPa. 

1  S.  K.  Godunov,  N.  C.  Cauzin.  Shock  wave  structure  in  viscoelastic  me¬ 
dium  with  the  nonlinear  relationship  between  the  Maxwell  viscosity  and 
the  parameters  of  material.  J.  Appl.  Mech.  Tech.  Phys.  1974.  N  5. 

2.  L.  Seamen.  Lagrangian  analysis  for  multiple  stress  or  velocity  gages  in  at¬ 
tenuating  waves.  J.  Appl.  Phys.  1974.  Vol.  45,  N  10,  pp.  4303-4314. 

3.  S.  A.  Bordzilovski,  and  S.  M.Karakhanov.  Reload  and  release  of  duralu¬ 
minum.  Combustion,  Explosion,  and  Shock  Waves.  1986,  Vol. 22,  N  3. 
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CKOPOCTB  CJIBUTA  B  JIOKAJIbHOH  OEJIACTJf 
OTKOJIBHOH  30HBI  nPH  YflAPHOM  HArPY5KEHHM 

METAJIJIOB 

C.A.ATpouieHKo,  /3,.M.OjieHHH 

HHcmnmym  npodneM  MaiuuHoeedemiH  PAH,  C. nemep6yp?. 

HcjuieAOBaHHJi  npoBOflHUH  Ha  OUK  h  rU[K  MeTajuiax.  B  KanecTBe  OIJK 
MeTaiuioB  cjiywnjiH  nepjiHTHbie  CTajiH:  45  c  pa3MepOM  3epHa  150  mkm  h 
30XH4M  c  pa3MepoM  3epHa  10  mkm,  a  b  KanecTBe  riJK  MeTajuia  -  Mem>  M3  c 
pa3MepoM  3epHa  250  mkm.  YjiapHoe  HarpyweHHe  ocymecTBJisuiM  c  noMombio 
jierKora30BOH  nyiuKH  Kajin6pa  37  mm.  06pa3qaMH  ajiji  HCCJie^OBaHHJi 
CJiy>KHJlH  ahckh  qnaMeTpoM  52  mm  h  tojiihhhoh  10  mm  (ct.45)  h  5  mm 
(ct.30XH4M  m  Me,ab  M3).  npH  ckopocth  Harpy>KeHHa  200-350  m/c 

y/iapHHKOM  TOJTLUHHOH  1-3  MM  B  yCJIOBMHX  O^HOOCHOrO  J3,e(j)OpMHpOBaHH5! 
6bui  peajiH30BaH  TbiJibHbiw  otkoji.  J\jm  HCCJieflOBaHHfl  npoueccoB 
jioKajiH3ai4Hn  Ae(})opMauHH  Ha  Me30CKonnqecKOM  ypoBHe  Hcnojib30Bajicn 
MeTOA  AejiHTejibHbix  ceTOK,  HaHeceHHbix  qo  y/japHoro  Harpy>KeHMH  Ha 
npeABapHTejibHo  OTno/iHpoBaHHbre  hojiobhhkh  mhujchh,  KOTopbie  3aTeM 
coe^HHajiHCb  b  cneunajibHOH  onpaBKe  h  no^BeprajiHCb  jjecJjopMHpoBaHHio. 
IloBepxHOCTb  o6pa3qa  c  HaHeceHHOH  ceTKOH  pacnojiarajiacb  Bjjojib 
HanpaBJieHMH  pacnpocTpaHeHHH  yjiapHOH  BOJiHbi.  CeTKa  HaHocHJiacb 
ajiMa3HOM  nnpaMHAOH  c  noMombio  npn6opa  IIMT-3. 

ECJIH  flJIfl  MCCHeAOBaHHfl  KBa3HCTaTHMeCKHX  pe>KHMOB  HarpyXCeHHfl  MeTOfl 
AeJlHTeJlbHblX  ceTOK  /JOBOJIbHO  IHHpOKO  HCnOJIb3VeTCfl,  TO  B  yCJlOBHHX 
y^apHoro  HarpyaceHMa  H3-3a  cjiojkhocth  npoBejjeHHJi  3KnepHMeHTOB  c 
COCTaBHbIMH  MHUieHflMH'  npH  BbICOKOCKOpOCTHOM  /*e(f)OpMHpOBaHHH 
no;io6Hbie  3KcnepHMeHTbi  c  cctkoh  Me3oypOBHa  juia  oqeHKH  noBe^eHHJi 
BHyTpeHHHX  cjioeB  MeTajuia  HBjunoTCfl  npaKTHHecKH  nepBbiMH. 

B  TaSjiHqe  npeqcTaBJieHbi  pe3yjibTaTbi  wcnbiTaHHH. 


MaTepHaji 

V,m/c 

t,MKC 

e,l/c 

W,m/c 

d,MKM 

E,% 

CTaub  45 

212 

0,3 

118 

CTajib  30XH4M 

351 

0,7 

2,6.10 

200 

10 

82 

Mejjb  M3 

217 

0,7 

2,1.10 

60 

250 

38 

3qecb  V  -  CKOpocTb  Harpy>KeHHa,  t  -  juiHTejibHOCTb  HMnyjibca,  e  - 
CKOpOCTb  CABHrOBOH  ^eC^OpMaUHH,  W  -  OTKOJIbHafl  CKOpOCTb,  d  -  pa3Mep 
3epHa,  E  -  CTeneHb  AetjjopMauHH. 
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nOBEHEHHE  AJIIOMHHHEBOrO  CTIJIABA  AMr-6  nPH 
^HHAMHHECKOM  HAr  PV/KEHHH 

C.A.ATpoiueHKO,C.A.HoBHKOB*,BA.nyuiKOB* 

Mitcmiimvm  npod/ic.M MCiuniHOGedeHwi  PAH,  C.ITemepdypz- 
* POCCUUCKUU  (j)cdcpdJlbHblU  xdcphbiu  IjeHDip  BHHH30 

ripoBe.aeHo  HCCjieaoBaHHe  H3MeHeHn»  MHKpocxpyKxypbi  ajnoMHHHBBoro 
cnjuiBii  AMr-6  b  uiwpoKOM  anana30nc  cKopocxefi  iic(|)opMauHH  npn 
KBii3iicTiiTii'iecKOM  h  yaapHO-BOHHOBOM**  HarpyweHMH.  HcnbiTaHna  H3 
jiiHaMH'iecKoe  oKaxiic  ocvmecTBJiajmcb  c  ncnoab-iOBaHiieM  cocTaBHbix 
c~e!rronKHHcoHa  npn  CKopocxax  ae<t>oPMauHH  200-2000  l/c  h  MexoaoM 

BbICOKOCKOpOCTHOrO  COyMpeHHB  naaCTHH  B  yCJIOBHflX  OaHOOCHOH 
ae(]>opMauHH  c  HOMombK)  nHeBMaxHiecKOH  nyiUKH  KaaHbpa  37  mm 
nnanaaoHe  cKopocxefi  100000-1000000  l/c.  B  nepBOM  cjiynae  o6pa3Ubi 
npeflCxaBJiajiH  co6ofi  cnaoiuHOii  UHaHHapaHaMexpoM  8  mm  h  ajihhom  8  mm. 
Pa3Mepbi  o6pa3UOB  Bbi6npaancb  H3  ycnoBwa  MHHHMaabHoro  bjihahms 
paaiiaabHbix  h  oceeb.x  HHepunoHHb.x  cna,  a  xaioKe  chb  xpeHH*.  Bo  btoPom 
caviae  axo  6biaw  ancKH  anaMexpoM  52  mm  h  xoamuHon  2  mm. 

no  pe3yabxaxaM  HcnbiTaHHH  Ha  cxepatHe  RmKMHCOHa  6bi.n  onpeaeaeH 
npeaea  xeKviecxn  Ha  aHHaMHHecKoe  cwaxne,  a  H3  HcnbixaHHH  no 
BbicoKOCKopocxHOMV  coyaapeHHio  naacxHH  -  oxKO/ibHas  cKOpocxb.  3xh 
aaHHbie  npeacxaBaeHbi  b  xaOaHue.  Kax  BnaHO,  npeaea  xeKynecxH  c  pocxoM 
ckopocxh  aeebopMauHH  BoapacTaex.  Bean*mHa  oxKoabHon  CKopocxH  bo  BceM 
i-iccJie^yeMOM  HHTepBajie  npaKXHwecKH  He  3aBHCHT  ot  ckopocth  Ae(popMaunH. 


CKOpocxb 

Harp  Vienna,  l/c 

^HHaMHwecKHH  npejneji 
xeKvnecxH,  Mila 

OxKOJibHaa 
CKOpOCXb***,  M/C 

300-500 

185 

1200-1300 

200 

100000-1000000 

120 

120 

_ _  A  I/*  TTiiTioirnD 

*^/j,aHHbie  B3MTbI  ni  ptlUWlDl  - - 

B.r.KyApauJOBa.  "O  anHaMHHecKOH  nponnocxH  npn  oTKOJie  h  npoooe  ,  <P1  , 

1988  N2.  c. 126-134. 

AMr-6  othochtca  k  rpynne  xepMHHecKH  HeynpoHHaeMbix 
aiiioMHHHeBbix  cnjiaBOB.  ycxpaHeHHH  ckjiohhocth  k  okmcjichhio  3tot 

crmaB  aernpoBan  6epmuiHeM,  a  ann  HCKJiiOMeHH*  yKpynHeHHH  3epHa, 
BbI3BaHHOrO  BBeAeHHeM  6ePHJUlHS,  OH  MO/U^HLlHpOBaH  THTaHOM.  Gxpynxypa 
cniiaBa  AMr-6  npeacxaBJiaex  co6oh  XBep^biH  pacxBop  c  bkihohchh^mh 
HHxepMexajuiHflHbix  (j>a3,  Koxopbie  pacnojiotteHbi  baojib  HanpaBJieHH*. 
npoKaxKH.  AHHaMHHecKoe  jie(J)opMnpoBaHne  HHHUHnpyex  nocnejjyiomee 
ecxecxBeHHoe  cxapeHne  axoro  cruiaBa.  OflHa  H3  npHHHH  axoro  ycKOpeHHe 
aH(bd)V3HOHHbix  npoueccoB  b  AHHaMHMecKH  Ae(J)opMHpyeMOM  Maxepnajie  3a 
cnex  B03pacxaHHB  nnoxHocxH  AHCJiOKauHH  h  xoneHHbix  Ae(])eKX0B. 
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/iHHaMHMeCKOe  aecjlOpMHpOBaHHe  npHBOAHT  K  HHTeHCH(})HKaMHH  npoqeccoB 
ecTecTBeHHoro  CTapeHHa,  T.e.  k  ycKopeHHK)  npoqeccoB  pacna^a,  a  tbiokc  h 
ynpoMHeHHio  cnjiaBa,  mto  h  bh/iho  m3  qaHHbix,  npHBe^eHHbix  b  TaSjiHqe  -  c 
yBenHqeHHeM  ckopocth  Ae^opMauHH  npOHHOCTb  pacTeT.  Oco6chho 
HHTecHBHO  Bee  3th  npoqeccbi  H^yT  npq  yuapHo-BOJiHOBOM  Harpy>KeHHH  -  TaK 
Ha3bmaeMoe  "yaapHoe  CTapeHne"  ("shock  aging"). 

**yAapHO-BOJiHOBoe  Harpy>KeHHe  ocymecTBJiajiH  lO.M.MeiqepHKOB  h 
A.K./^HBaKOB. 
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DISLOCATION  MECHANICS  DESCRIPTION  OF  ME¬ 
CHANICAL  PROPERTIES 

R.W.  Armstrong*  and  F.J.  Zerilli** 

*  Department  of  Mechanical  Engineering,  University  of  Maryland,  College  Park 
MD  '>0742  ** Indian  Head  Division  -  Naval  Surface  Warfare  Center,  Indian  Head 

MD  20640,  USA. 

Numerical  modeling  of  the  permanent  deformation  and  fracturing 
behaviors  of  metals  under  dynamic  loading  conditions  is  facilitated  by 
knowledge  of  the  responsible  crystal  dislocation  mechanisms  hat  op¬ 
erate  in  a  particular  lattice  structure.  Thus,  individual  dislocation 
movement  in  a  bcc  lattice  accounts  for  a  temperature  and  strain  rate 
dependent  vield  stress  while  these  influences  are  in  the  strain  hardening 
behavior  of  fee  metals  and  alloys  [1],  Different  hep  metals  are  either 
bcc  or  fcc-like.  The  greater  importance  for  bcc  materials  of  cumulative 
dislocation  interactions  in  blocked  (slip  band)  pile-ups  produces  a 
stronger  Hall-Petch  dependence  of  flow  stress  on  the  reciprocal  square 
root  of  polvcrystal  grain  diameter  [2],  and  this  dependence  connects  di- 
rectlv  with  the  corresponding  importance  of  grain  size  influences  on 
twinning,  cleavage  fracturing,  and  adiabatic/shear  banding  behaviors 
[31  The  dislocation  mechanics  framework  provides  for  additiona 
modeling  analysis  [4]  of  such  processes  as  dynamic  recovery  at  large 
strains,  discount  of  potential  drag  embrittlement  at  greater  strain  rates 
compared  with  enhanced  dislocation  generation,  influences  of  grain 
size  and  particle  size/spacing  on  ductility,  and  nanoscale  shock  hard¬ 
ening  considerations  [5]  relating  also  to  nanocrystalline  grain  size  ef- 
fects. 

1  F.J.  Zerilli  and  R.W.  Armstrong,  "Dislocation  Mechanics  Base(*  Consti- 
tutive  Relations  for  Material  Dynamics  Calculations",  J.  Appl.  Phys.  61, 

2  R.W.Armstrong  and  F.J.  Zerilli.  "Dislocation  Mechanics  Based  Analysis 
of  Material  Dynamics  Behavior",  J.  Phys.-Coll.  49,  C3-529  (1988). 
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3.  R.W.  Armstrong  and  F.J.  Zerilli,  "Dislocation  Mechanics  Aspects  of 
Plastic  Instability  and  Shear  Banding",  Mech.  Mater.  17,  319  (1994). 

4.  F.J.  Zerilli  and  R.W.  Armstrong,  "Dislocation  Mechanics  Analysis  of 
Material  Dynamics  Behavior:  Enhanced  Ductility,  Deformation  Twin¬ 
ning,  Shock  Deformation,  Shear  Instability,  Dynamic  Recovery",  J.  Phys. 
IV  France  7,  C3-637  (1997). 

5.  R.W.  Armstrong,  W.L.  Elban,  D.H.  Tsai  and  F.J.  Zerilli,  "Dislocation 
Mechanics  Aspects  of  Deformation-Induced  Detonations  and  Dynamic 
Deformations",  in  print  in  New  Models  and  Numerical  Codes  for  Shock 
Wave  Processes  in  Condensed  Media",  I.  Cameron,  ed.,  AWE  Hunting 
Brae,  U.K.,  1998. 


CRITERION  FOR  CHANGE  OF  KINEMATIC  MECHNISM 
OF  DYNAMIC  STRAINING  AND  FRACTURE  AS  NOISE- 
INDUCED  PHASE  TRANSITION 

Y  u.I.Mescheryakov 

Institute  of  the  Mechanical  Engineering  Problems, 
Saint-Petersburg,  Russia 

Dynamic  uniaxial-strain  tests  of  different  heterogeneous  materials,  such 
as  ductile  high-strength  steels,  copper  of  different  purity,  aluminum  and  tita¬ 
nium  alloys,  show  that  the  shock-wave  propagation  process  should  be  charac¬ 
terized  not  only  by  the  time  history  of  the  average  particle  velocity  V(t)  but 
also  by  the  particle  velocity  dispersion  <AV2(t)>  at  the  mesoscopic  scale  level 
(0. 1-10  pm).  The  evidence  of  the  mesoparticle  distribution  in  the  velocity  space 
undoubtedly  means  that: 

(i)  their  motion  is  three-dimensional  although  at  the  macrolevel  one  deals 
with  one-dimensional  shock  wave  propagation  with  the  average  particle 
velocity  in  a  continuous  medium, 

(ii)  particle  velocity  dispersion  value  can  serve  as  a  quantitative  measure  of 
relaxation  properties  of  dynamically  loaded  material. 

Analysis  of  the  shock-wave  behavior  in  the  heterogeneous  media  shows 
also  that  amplitude  of  shock  wave  (i.e.  particle  velocity  V(t)  at  the  plateau  of 
compressive  pulse)  suffers  an  additional  decay  whose  value  sensitively  depends 
on  degree  of  non-stationarity  of  shock-wave  propagation  process  [1].  Fur¬ 
thermore,  the  shock  wave  can  suffer  an  appreciable  decay  at  the  first  front  of 
compressive  pulse  but  may  restore  its  amplitude  at  the  release  front.  Physically 
this  means  that  kinetic  energy  of  flow  (average)  motion  of  medium  in  the 
shock  wave  can  be  transferred  to  the  separate  mesoparticles  which  have  differ- 
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ent  velocities  because  of  velocity  scattering  during  the  wave  propagation  in  the 
heterogeneous  medium.  After  relaxation  the  distributed  energy  of  mesoparti- 
des  again  returns  to  the  flow  motion  of  medium.  On  the  physical  kinetic  lan¬ 
guage,  that  kind  of  shock-wave  decay  proves  to  be  reversible  depending  on  de¬ 
gree  of  stationarity  of  the  particle  velocity  distribution  function  at  the 

mesolevel.  ,  ,  .  .  r  „ 

This  phenomenon  can  be  used  for  the  coupling  between  kinetic  features 

of  heterogeneous  medium  and  its  macroscopic  response  to  be  established.  Ex¬ 
periments  show  that  the  additional  decay  of  the  particle  velocity  appears  by 
the  threshold  way  when  velocity  dispersion  and/or  rate  of  its  change  achieves  a 
certain  threshold  value  [2].  On  the  other  hand,  microstructure  investigation  of 
specimens  after  shock  loading  revealed  an  evident  presence  a  numerous  cells  of 
mesoscopic  scale  level,  which  have  been  identified  as  elementary  vortex  forma¬ 
tions,  or  mesorotations  [3],  This  allows  to  conclude  that  the  threshold  change 
of  shock-wave  amplitude  happens  due  to  change  of  kinematic  mechanism  of 
straining  at  the  mesolevel  from  translational  to  rotational.  In  this  way  the 
change  of  kinematic  mechanism  of  dynamic  straining  is  considered  to  be  a 
noise-induced  phase  transition,  a  role  of  noise  intensity  plays  the  particle  ve¬ 
locity  dispersion.  For  the  purpose  of  describing  that  kind  of  the  shock -wave 
decay  (which  can  be  called  a  “fluctuative”  decay)  a  stochastic  approach  to 
shock-wave  propagation  in  the  shock  compressed  heterogeneous  medium  is 
proposed  where  the  particle  velocity  V(t)  is  accepted  to  be  consisting  of  aver¬ 
age  component  and  random  noise.  Deterministic  equation  describing  the  sys¬ 
tem  is  expressed  in  terms  of  time  evolution  of  the  particle  velocity  : 
dV(t)  /  dt  =  <x(t)  V(t)  -  x(t)  V2(t)  ( 1 ) 

Parameters  a(t)  and  x(t)  characterize  an  influence  of  external  conditions, 
i.e.  degree  of  heterogeneity  of  medium,  on  the  shock-wave  amplitude.  The 
value  1/a  has  a  sense  of  time  of  macroscopic  evolution  of  considered  nonlinear 
system,  while  1/x  is  the  distance  where  annihilation  of  dislocations  happens. 
When  parameter  a  includes  a  regular  parts  a  0  and  noise  parts  ai,so  that 

a  =  a0  +  a  ai  (2) 

where  a  is  the  intensity  of  noise,  equation  (1)  transforms  into  proper  sto¬ 


chastic  equation  [4]: 


d  V  =  ( a  V  -  x  V  2)  dt  +  a  •  dW  (3) 


where  W  is  the  Wiener  random  process.  Solution  to  appropriate  Fokker- 
Plank  equation  related  to  the  stochastic  equation  (3)  results  in  probability 
density  for  the  state  of  system  while  the  diffusion  coefficients  of  that  equation 
define  the  criterion  for  change  of  kinematic  mechanism  of  dynamic  straining 


a/2  =  dC/dt(4) 


Here  £  =  AV  /  V  is  the  so-called  variation  coefficient  in  the  probability 
theory,  AV  is  square  root  of  the  particle  velocity  dispersion  and  V  is  average 
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particle  velocity  (mathematical  expectation  of  random  value  such  as  particle 
velocity  in  heterogeneous  medium).  Under  strain  rates  where  a/2  «  d  C,  /  dt 
maximum  probability  density  corresponds  to  the  zero  value  of  the  average 
velocity  V(t)  =  0.  In  this  case  the  rotational  (vortical)  kinematic  mechanism  of 
deformation  is  preferably  realized.  If,  however,  particle  velocity  dispersion 
changes  slowly,  one  faces  the  opposite  situation  when  a/2  »  dt,  /dt.  In  this 
case  the  translational  motion  of  medium  dominates  with  non-zero  average 
velocity  V(t)  *  0  in  the  wave  propagation  direction.The  theory  is  compared 
with  real  behavior  of  plastic  waves  in  stainless  and  ductile  high-strength  steels 
measured  with  the  velocity  interferometer  technique. 

1.  Yu. I.  Mescheryakov.  Kinetics  of  microstructure  and  strain-rate  depend¬ 
ence  of  materials.  In:  “Shock  Compression  of  Condensed  Matter- 
1995”. (ed.  S.C  Schmidt  and  W.C  Tao).  p.623-625. 

2.  Yu. I.  Mescheryaov,  N.A.  Makhutov,  S.A.  Atroshenko.  Micromechanisms 
of  dynamic  fracture  of  ductile  high-strength  steels.  J.  of  the  Mechanics  and 
Physics  of  Solids.  1 994,  vol.  42,  No  9,  pp.  1 435- 1 457. 

3.  Yu.I.  Mescheryakov,  S.A.  Atroshenko.  Multiscale  rotations  in  dynami¬ 
cally  deformed  solids.  Ini.  J.  Solids  and  Structures.  1 992,  vol. 29,  No  22,  pp. 
2761-2778. 

4.  W.Horsthemke,  R.  Lefever.  Noise-induced  phase  transitions.  Springer- 
Verlag,  Berlin.  1984,  397  p. 

NUMERICAL  SIMULATION  OF  DAMAGE  GROWTH  IN 
NATURAL  URANIUM  AT  SPALL  FRACTURE 

B.L.Glushak,  I.R.Trunin,  O.A.Uvarova 

Russian  Federal  Nuclear  Center-VNIIEF,  Arzamas-16,  Russia 

According  to  present-day  notion  the  spall  fracture  is  multistage  temporal 
process  of  growth  and  cumulation  of  damage  to  with  macrocracks  formation. 
To  describe  regularities  and  peculiarities  of  this  process,  joint  analysis  of  nu¬ 
merical  and  physical  results  is  used.  This  allows  to  construct  the  most  compre¬ 
hensive  and  plausible  picture  of  fracture. 

In  this  work  the  numerical  simulation  is  performed  using  two-stage  mi¬ 
crostatistic  kinetic  model  of  NAG  type  with  internal  parameters  [1].  Results  of 
this  model  application  for  verification  of  experimental  (i.e.  obtained  in  planar 
impact  tests  [2,3])  and  model  data  are  presented  in  tables  and  graphs.  They 
show  good  agreement  between  each  other. 
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400 
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1 

Fig.  1 .  Sample  free  surface  velocity 
W  vs  time. 

1  -  test,  2  -  calculation 

(Aimp  =  6.35  mm,  As  =  7.5  mm, 

<jH  =  1 1.8  GPa,  impactor  -  sapphire), 
cr,  Gpa 


x,  cm 


Fig.  3.  Distribution  of  damage  © 
along  sample  thickness  at  different 
time  moments: 

1  -  3.4  ps;  2  -  3.6  ps;  3  -  3.8  ps;  4  -  4.0  ps. 
Time  count  -  from  the  impact  moment. 
(Aimp  =6.35  mm,  As  =7.5  mm, 

0^  =  1 1.8  GPa,  impactor  -  sapphire). 


Fig.  2.  Stresses  cr  and  damage  co  in  Fig.  4.  Parameter  R,  correlating  with 
the  fracture  zone  vs  time.  I  -  cr  (t),  2  -  damage,  vs  shock  wave  amplitude  crH. 
co  (t)  -  calculation,  •  •  •  -  test 

(Aimp  =  2  mm,  As  =  4  mm,  (AimP  =  6.35  mm,  As  =  7.5  mm, 

<jh  =3. 1  GPa,  impactor  -  sapphire), 

impactor  -  uranium). 
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The  fact  that  it  is  possible  using  the  model  to  carry  put  adequate 
description  of  experimental  data,  obtained  by  gauges  external  regard¬ 
ing  to  the  process  under  study,  allows  to  turn  to  numerical  research  of 
processes,  which  occur  directly  inside  material,  i.e.  to  obtain  real  pic¬ 
ture  of  the  damage  growth  process,  impossible  by  existing  experimental 
research  methods. 

The  performed  researches  show  that  micromechanic  kinetic  model 
gives  adequate  description  of  experimental  results  of  natural  uranium 
behaviour  under  pulse  tensions.  Application  of  this  concept  will  allow 
to  model  the  damage  growth  processes  in  uranium  constructions  under 
conditions  of  loading  them  by  impact  of  high-velocity  plates  and  deto¬ 
nation  wave. 

1.  T.Barbee,  L. Seaman,  R.Crewdson,  D. Curran.  Dynamic  fracture  criteria 
for  ductile  and  brittle  metals//J.Materials,  1972,  vol.7,  N3,  pp.  393-401. 

2.  D.Grady.  Steady-wave  risetime  and  spall  measurements  in  Uranium  (3-15 
GPa).//Explomet-85,  pp.  763-780. 

3.  S.Cochran,  D. Banner.  Spall  Studies  in  Uranium.//J.Appl.Phys.,  1977,  vol. 
48,  N7,pp.  2729-2737. 

NUMERICAL  SIMULATION  OF  THE  DAMAGE 
ACCUMULATION  PROCESS  IN  COPPER,  RESULTED  IN 
SPALL  FRACTURE  AT  DYNAMIC  LOADS 

B.L.Glushak,  S.V.Koritskaya,  I.R.Trunin 

Russian  Federal  Nuclear  Center  -  VNIIEF,  Arzamas- 16,  Russia 

Study  of  behaviour  and  fracture  of  materials  and  elements  of  construc¬ 
tions,  subjected  to  effect  of  pulse  dynamic  loads  (force  and  thermal  loads),  is 
an  urgent  problem  of  both  scientific  and  applied  significance. 

The  existing  experimental  methods  for  study  of  this  problem  have  the  in¬ 
direct  character.  Due  to  this  reason  they  not  always  have  accuracy  and  reli¬ 
ability  when  obtaining  information  on  the  internal  state  of  a  substance  in  the 
fracture  process.  Besides,  results,  obtained  by  gauges,  external  regarding  to  the 
object  under  study,  do  not  answer  the  question  on  the  material  damage  extent 
-  the  characteristic,  which  is,  in  our  opinion,  one  of  the  important  characteris¬ 
tics  for  spall  fracture  study. 

That  is  why,  the  methods  for  numerical  solution  of  such  problems  un¬ 
dergo  currently  increasing  development.  For  this  purpose  it  is  necessary  to 
employ  physically  clear  and  substantiated  models  for  description  of  the  sub¬ 
stance  state  (determining  equations)  and  the  material  fracture  models.  At  the 
same  time  the  model  should  describe  both  experimental  dependencies  (velocity 
of  the  free  surface  of  a  loaded  sample,  or  change  of  stress  versus  time  at  the 
sample-base  interface  boundary)  and  dependencies,  obtained  directly  by  cal- 
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culations  characterizing  the  spall  fracture  process  (damage  distribution 
through  the  sample  thickness  and  identification  of  the  zone  with  the  higtot 
damage  extent,  stress  versus  time  dependence  in  the  plane  of  maximum  dam- 

386  'construction  of  models,  allowing  to  describe  the  above  mentioned  regu¬ 
larities,  is  based  on  the  kinetic  concept  of  fracture,  when  the  spall  fracture 
process,  proceeding  in  time,  is  divided  into  several  stages  with  different 

boundaries  between  the  stages  or  with  no  boundaries 

In  this  work  the  model  NAG  is  used  for  modeling  of  the  damage  accu¬ 
mulation  process.  This  model  includes  description  of  two  stages  of  spall  frac¬ 
ture:  nucleation  of  microdefects  with  characteristic  size  R0  and  their  further 

Copper  is  selected  as  the  material  under  study,  which  is  characterized  by 
viscous  destruction,  determined  by  nucleation  and  growth  of  defects,  having 

appi  of  the  most  completely  researched  by  experiments 

as  a  structural  material.  This  gives  oPPortunity  to  compare  the  calculation  re¬ 
sults  and  the  exPerimental  dePendences  for  three  types  of  dynamic  loading:  for 
the  case  of  projectile-target  collision,  explosive  loading,  and  electrons  flow  ef¬ 
fect  on  thin  foils. 

MESH-INDEPENDENT  DUCTILE  FRACTURE  CALCULA¬ 
TIONS. 

L.  Seaman  and  D.  R.  Curran 
SRI  International,  Menlo  Park,  CA  94025,  USA 

The  purpose  of  our  study  was  to  obtain  computed  results  for  damage 
that  are  independent  of  the  finite  element  size  being  used.  We  are  considering 
ductile  materials,  such  as  copper  and  aluminum,  and  are  treating  damage  with 
a  microdamage  model  in  which  microvoids  are  nucleated  and  grow  under  ten- 
sile  loading.  The  microfracture  model  contains  fracture  processes  that  are  de- 
pendent  on  the  local  stresses  and  strains;  hence,  it  is  clear  that  these  stresses 
and  strains  must  be  mesh-independent  before  we  can  hope  to  have  fracture  re¬ 
sults  that  are  independent  of  the  mesh  size.  Therefore,  we  began  by  de  ermin- 
ing  an  appropriate  strain-rate-dependent  mechanical  model  that  would  pro¬ 
vide  the  appropriate  shock  front  thickness.  With  such  a  model,  and  an  appro¬ 
priately  chosen  mesh  size,  the  computed  wave  profile  should  match  the  ob- 
served  shock  front  thickness  and  not  change  if  the  mesh  is  further  refined. 

To  determine  the  mechanical  model  for  the  rate  dependence  of  the 
material  we  used  the  results  of  Swegle  and  Grady  [1985]  and  Dunn  and  Grady 
[1985]  The  model  and  parameters  they  have  developed  are  based  on 
measurements  of  the  apparent  shock  front  thickness  in  several  materials. 
According  to  our  calculations  based  on  their  model,  the  shock  front 
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thicknesses  shown  in  Figure  1  (in  cm  or  in  ns)  depend  strongly  on  the 
compressive  stress  amplitude.  For  the  1  to  2  GPa  stresses  we  are  considering 
for  plate  impacts  to  cause  fracture,  the  steady  state  shock  front  thicknesses  are 
several  cm  or  ps.  Therefore,  the  steady  state  shock  front  is  not  achieved  in  the 
tests;  the  stress  waves  are  all  unsteady  and  the  wave  fronts  are  still  developing 
and  spreading. 


1  10  100 
Stress  -  GPa 


Figure  1  Variation  of  shock  front  thickness  with  stress  level 

To  represent  the  mechanical  behavior  of  the  shock  front  development 
with  fair  precision  we  incorporated  the  strain  rate  dependence  of  Swegle  and 
Grady  into  our  elastic-plastic  model  for  the  deviatoric  stresses.  This  is  an 
extrapolation  for  their  model  because  their  model  was  actually  matched  only 
to  the  steady  state  shock  front  profiles;  we  are  assuming  that  the  model 
represents  the  physics  well  enough  that  it  also  can  describe  the  gradual 
development  of  the  wave  front.  Because  of  this  unsteadiness  of  the  wave  fronts 
in  our  case,  we  cannot  estimate  the  shock  front  thickness  from  Figure  1,  but 
must  perform  a  simulation  with  the  model  with  a  fine  enough  mesh  to  allow  us 
to  compute  this  thickness.  For  subsequent  calculations,  we  can  then  choose  a 
mesh  size  that  is  appropriate  for  this  thickness. 

The  development  of  their  model  for  the  shock  front  begins  with  the 
experimentally  obtained  relation  between  the  maximum  strain  rate  in  the 
shock  front  and  the  jump  in  stress  in  the  plastic  wave: 

—  =  A(Act)4  (1) 

dt 

where  ?  is  the  strain  1  -  V/Ve,  Ve  is  the  specific  volume  at  the  end  of  the 

elastic  precursor,  A  is  a  material  constant  [about  6000  l/(GPa4-s)  for 
aluminum],  and  ??  is  the  stress  jump  from  the  precursor  level  to  the  peak  stress 
of  the  steady  wave.  Next  they  note  that  the  viscous  stress  in  the  shock  front 
(shear  stress  above  the  yield  strength)  is  proportional  to  the  square  of??  to 
allow  the  total  stress  to  follow  the  Rayleigh  line.  Then  the  strain  rate  is  related 
as  follows  to  this  viscous  stress: 
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where  (Act)2  =  (5  -  Y)  (2) 

Here  C0  is  the  plastic  wave  speed  at  zero  stress,  S  is_the  coefficient  of  the 
second  term  in  the  linear  Us-up  form  for  the  Hugoniot,  a  is  the  equivalent 
stress,  and  Y  is  the  yield  strength.  The  basic  equation  for  the  rate-dependent 
deviator  stress  is  then  given  by  9  -j 


d£.  =  2G^-^'|  =  2Gl 

dt  dt  dt  j 


(5  -  Y)2 


dt  "  [dt  dt  J  [dt  V3bve;  j 

where  r)pis  the  plastic  strain.  Here  we  are  relating  the  viscous  stress  to 
the  plastic  strain  rate,  rather  than  to  the  total  strain  rate.  At  this  point  we 
introduce  the  viscous  stress  5V  =  5  -  Y,  and  allow  the  yield  strength  to  work 
harden  in  proportion  to  the  plastic  strain  with  a  work-hardening  modulus  of 
H.  Then  Eq.  (3)  becomes 

=  _  {2G  +  H)  J  52 

dt  dt  VdiVe7 

2g£  » 

dt  dt 

where  the  first  term  on  the  right  is  the  elastic  stress  rate.  The  solution 
over  a  time  step  ?t  is 

a  +  a  vo  -  (a  -  avn  )  exp(  -4ab  At) 


avo  +  (a  -  a v0  )  exp(  -4ab  At) 


=  a 


where  2b  =  (2G  +  H)A[^^y  J 

2  1  d^v,el 

and  a  =^ir 

In  a  wave  propagation  computation  CTV  rises  parabolically  to  a  peak  at 
mid-height  of  the  wave  front,  then  returns  to  zero  at  the  top  of  the  wave.  This 
solution  for  the  rate-dependent  deviator  stress  was  added  to  our  standard 


model  for  a  work-hardening  plastic  material  and  combined  with  the  fracture 
model. 

The  microfracture  model  (described  by  Curran  et  al  1987)  has  parameters 
fitted  to  a  series  of  plate  impacts  in  1145  aluminum.  The  threshold  stress  for 
nucleation  is  0.3  GPa  and  the  nucleation  rate  for  a  stress  of  1  GPa  is  7.1  ? 

lO^/m^/s.  The  threshold  stress  for  growth  of  the  voids  is  0.48  GPa,  decreasing 
with  increasing  damage  according  to  the  Carroll-Holt  model  for  porous 
materials[1972].  The  growth  rate  is  governed  by  an  apparent  viscosity  in 
accordance  with  the  model  of  Poritsky  for  bubble  growth  in  a  viscous 
material[1952].  The  viscosity  for  this  growth  is  21  Pa-s.  The  analysis  of  Grady 
and  colleagues  referred  to  above  associates  this  viscosity  with  a  shock  front 
thickness  of  60  ns. 

We  performed  a  series  of  plate  impact  simulations  with  varying  mesh 
sizes  to  examine  the  foregoing  analytical  results.  For  the  simulations  we  chose 
an  actual  experiment  in  which  a  0.1 14-cm  aluminum  plate  struck  the  0.318- 
cm-thick  target  of  1 145  aluminum  (commercially  pure,  very  soft)  at  185.6  m/s 
and  caused  an  intermediate  level  of  fracture  damage  in  the  center  of  the  target. 
For  plate  impacts  in  aluminum  with  a  shock  pressure  of  1  GPa,  the  shock 
front  thickness  is  about  35  ns,  the  apparent  material  viscosity  is  200  poise 
(dyn-s/cm^  or  20  Pa-s),  and  the  relaxation  time  constant  is  0.74  ns.  The 
necessary  finite  element  thickness  for  the  simulation  of  the  stress  history  was 
17  pm.  For  mesh-independence  the  damage  computations  appeared  to  require 
a  mesh  with  one-half  this  size.  We  used  element  sizes  of  4  to  140  pm  in  the 
study. 


Figure  2  Stress  history  at  the  plane  of  maximum  damage  for  0.1 14-cm 
Al  plate  impacting  0.31 8-cm  1145  Al  plate  at  185.6  m/s  (17  pm 

mesh) 

The  stress  history  (at  the  plane  of  maximum  damage)  computed  with  the 
mechanical  and  fracture  models  in  a  one-dimensional  wave  propagation  code 
is  shown  in  Figure  2  for  a  mesh  size  of  17  pm.  The  apparent  rise  time  of  the 
plastic  wave  is  40  ns.  The  tensile  portion  of  this  history  (shown  in  Figure  3)  is 
given  for  computations  with  mesh  sizes  from  4  pm  to  69  pm;  the  curves  for  4, 
9,  and  17  pm  appear  to  coincide,  showing  that  a  mesh-independent  stress 
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history  has  been  achieved  for  17  nm  and  smaller.  The  tensile  stress  history  also 
has  a  rise  time  of  about  40  ns. 


Time  during  tensile  portion  of  wave  -  psec 

Figure  3  Stress  histories  in  an  Al  1145  impact  at  several  cell  sizes 
Impact  #939  at  185.6  m/s,  0.318  cm  target 

The  variation  of  fracture  damage  (relative  void  volume)  with  distance 
through  the  sample  and  with  mesh  size  is  shown  in  Figure  4.  Here  there  is  a 
continuing  increase  in  peak  damage  with  decreasing  mesh  size.  Figure  5 
exhibits  the  peak  damage  as  a  function  of  mesh  size.  There  is  a  pleasing 
smoothness  to  this  result,  suggesting  that  the  numerical  method  is  providing 
stable  and  reliable  values.  The  curve  extrapolates  to  a  void  volume  of  0.067, 
just  5  %  larger  than  the  value  at  a  mesh  size  of  17  pm. 


Figure  4  Variation  of  Damage  with  Position  for  various  cell  sizes 
impact  in  AL  1 145  at  185.6  m/s,  0.318  cm  target 
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Figure  5  Variation  of  Relative  Void  Volume  with  Cell  Size 
Impact  in  AL  1 145  at  185.6  m/s,  0.318  cm  target 

Our  results  show  that  to  develop  a  mesh-independent  damage 
computation  we  begin  by  providing  a  rate-dependent  mechanical 
model  with  a  suitable  material  viscosity  and  element  size  to  stabilize 
the  shape  of  the  stress  history.  Then  we  make  damage  computations 
with  the  microfracture  model  and  verify  that  the  damage  is  not  mesh 
dependent. 
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MECHANISM  OF  MASS-TRANSFER  UNDER  THE  SHOCK 
WAVE  LOADING,  INITIATED  BY  THE  SHORT  LASER 

PULSES 

V.A.Putilin,  A.V.Kamashev 

Samara  State  Technical  University,  Samara,  Russia 

It  is  known,  that  motion  of  interknot  atoms  is  more  faster  then 
motion  of  vacancies  and  its  complexes.  So,  main  contribution  to  mass- 
transfer  metal  contribute  interknot  atoms,  form  in  process  plastic  de¬ 
formation  under  passing  of  laser-induced  shock  wave  .Process  of  gen¬ 
eration  the  point  defect  and  their  displacement  occur,  basically,  in 
front  wave  load.  Efficient  source  interknot  atoms  be  under  laser- 
induced  striking  loading  shallow  defect,  stair  on  screw  and  mixed  dis¬ 
locations.  Moreover  on  initial  stage  deformation  form  stair,  generate 
under  its  motion  interknot  atoms. 

Under  use  for  processing  metal  laser  radiate  with  density  power 
109  W/crn2  and  duration  pulse  30  ns  be  provided  high  rate  entering  en¬ 
ergy,  bring;  brought  about  significant  velocity  heating  and  cool,  reach 
order  of  10'°  K/sec,  as  well  as  to  shaping  shock  wave  high  pressure  (20 
GPa)  and  significant  warm-up  gradient.  The  mechanism  of  interknot 
atoms  transfer  is  defined  by  characteristics  of  laser-induced  shock 
waves. 

We  have  shown  that  if  gradient  pressure  in  front  shock  wave  is 
more  than  5*IOl3  Pa/m,  and  a  gradient  of  temperature  in  front  of  the 
thermal  wave  has  the  order  of  107  K/m,  then  the  passion  of  interknot 
atoms  take  place  by  shock  and  by  thermal  pulses.  Under  smaller  value 
specified  gradient  concurated  several  mechanism  carrying:  thermoac- 
tuate  driftage  interknot  atoms  in  front  shock  wave,  their  carrying 
moving  by  dislocations  and  also  possible  transfer  as  a  result  of  grain- 
border  slipping. 
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THE  INFLUENCE  OF  MARTENSIT  TRANSMISSIONS  ON 
CONDITIONS  OF  SHOCK  WAVE  GENERATION  IN 
CARBON  STEEL  UNDER  THE  INFLUENCE  OF  PULSE 
LASER  RADIATION 

A.V.  Kamashev 

Samara  State  Technical  University,  Samara,  Russia 

It  is  known,  that  generation  of  shock  waves  occurs  under  the  influence  of 
short  pulse  laser  radiation  on  metallic  target.  Shock  wave  generation  condi¬ 
tions  will  greatly  changes  if  such  target  will  be  carbon  steel.  The  reason  is  that 
in  given  material  martensit  polymorphic  transition,  capable  to  be  a  source  of 
secondary  shock  waves  occures  simultaneously  with  spreading  of  shock  waves. 
Investigation  of  primary  and  secondary  shock  waves  interaction,  as  well  as  es- 
peciallity  of  tensed  condition  in  such  materials,  is  of  great  scientific  and  practi¬ 
cal  interest. 

In  this  paper  numerical  modeling  of  generation  of  laser-induced 
shock  wave  in  material,  capable  to  martensit  transformation,  condi¬ 
tions  is  fulfiled. 

For  this  purpose  equation  of  knock-compressed  solid  state  was 
analysed.  The  model  of  wave  spreading  with  the  use  of  wave  equations 
system  in  private  derives  is  created.  Pulse  of  laser-induced  shock  wave 
of  sol  lion-type  was  prototyped  by  Heviside  step-like  function  . 

On  base  of  numerical  modeling  it  is  shown  that  tensed  condition 
in  material,  at  martensit  polymorphic  conversion,  distinguishs  qualita¬ 
tively  and  quantitatively  from  tensed  condition  in  material  with  the 
same  size  springy  modula,  without  martensit  conversion.  So  for  in¬ 
stance,  under  comparison  of  tensed  condition  in  eutektoid  composition 
of  Y8  carbon  steel  and  in  nickel,  it  was  found,  that  in  nickel  the  level  of 
maximum  compression  tension  under  the  same  conditions,  is  nearly  2 
times  less.  As  a  rezult  it  may  be  supposed  that  threshold  of  shock  wave 
generation  in  martensit  conversation  is  less  than  in  material  without 
analogical  transmissions. 
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MATHEMATICAL  SIMULATION  OF  DISK  ROLLING  BY 
METHOD  OF  LOCAL  DEFORMATION  TAKING  INTO 
ACCOUNT  COMPRESSIBILITY  AND  NON-ST ATIONARY 
CHARACTER  OF  FLOW 


V.A.Bychenkov,  A.V.Skovpen 

Russian  Federal  nuclear  Center-  VNIITF,  Chelyabinsk-70,  Russia 

Mathematical  model  describing  material  flow  under  conditions  of 
structural  superplasticity  is  developed,  as  well  as  explicit  Lagrangian 
technique  for  computing  process  of  disk  rolling  by  method  of  local  de¬ 
formation.  Method  is  proposed  for  solving  three-dimensional  spatia 
problem  on  the  basis  of  two-dimensional  approximation.  Two  working 
pairs  of  rollers  are  considered  to  be  absolutely  rigid  bodies  Friction 
force  between  disk  and  tools  is  taken  into  account.  A  code  is  developed 
on  PC  which  allows  to  calculated  different  rolling  modes,  determine 
forces  imparted  onto  the  tools,  and  stress  and  strain  fields  in  a  work- 
piece.  A  formula  is  determined  for  flow  of  titanium  alloy  BT9  at  tem¬ 
peratures  900-950  °C  describing  experimental  data  on  tension  and  slip 
of  cylindrical  specimens.  Calculations  are  performed  in  different  con¬ 
figuration  of  process  of  rolling  disk  made  of  alloy  BT9,  parameters  of 
mathematical  model  are  determined,  and  the  model  is  compared  to  ex¬ 
periment  in  terms  of  force  impact  on  the  tools. 

Apparently,  for  the  first  time  in  computational  mechanics  an  at¬ 
tempt  was  made  of  solving  numerically  the  problem  of  metal  pressure 
processing  with  account  of  time  evolution  of  slow  process,  compressi¬ 
bility  andVelaxation  of  material  shear  stresses.  The  code  computes  the 
process  ~  100  times  faster  than  the  software  package  ANSYS  5.3. 


COMPUTER  SIMULATION  OF  SHOCK  WAVE  PROC¬ 
ESSES  IN  TI-C  SYSTEM 
IN  THREE-DIMENTION AL  STATEMENT 

V.A.Gorelski,  V.V.Kim,  V.B.Nikulichev,  S.A.Zelepugin 

Tomsk  Branch  of  Institute  for  Structural  Macrokinetics,  Tomsk,  Russia 

A  model  for  damaged  multicomponent  medium  used  in  the  computations 
is  characterized  by  the  possibility  of  microcavities  (crack,  pores)  formation 
and  evolution  and  the  possibility  of  chemical  reactions  in  condensed  matter. 
The  set  of  governing  equations  of  unsteady  adiabatic  movements  of  com¬ 
pressible  medium  with  regard  for  pores  development  and  chemical  reactions 
consists  of  the  equation  of  the  motion,  continuity  equation,  equation  of  en- 
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ergy,  kinetic  equation  of  chemical  reactions  and  equation  of  evolution  of  the 
specific  volume  of  pores.  Finite  elements  method  is  used  for  solution  of  the 
problem  [1],  According  to  this  method,  a  discrete  model  of  the  bodies  are  con¬ 
structed  which  consists  of  a  finite  number  of  finite  elements  that  are  assembled 
by  corresponding  way.  The  equation  of  motion  for  a  typical  finite  element  is 
obtained  using  the  principle  of  virtual  velocities.  The  equations  of  motion  for 
the  set  of  finite  elements  are  obtained  by  assuming  that  masses  of  the  element 
nodes  are  equal  to  each  other.  The  linear  approximation  for  velocities  within 
the  element  is  assumed  in  the  calculation. 

A  problem  of  non-symmetrical  high  velocity  interaction  of  steel  capsule 
with  Ti-C  stoichiometric  powder  mixture  inside  [2]  with  high-strength  plate 
was  numerically  studied  using  a  three-dimensional  approach.  The  steel  capsule 
has  the  outer  diameter  of  0.0762  m  and  length  of  0.2286  m.  The  initial  velocity 
of  the  capsule  was  1000  m/s,  the  angle  with  plate  was  15°.  The  initial  porosity 
of  the  powder  mixture  was  0,  0.2  and  0.6.  Configurations,  velocity  fields,  con¬ 
tours  and  dependencies  of  process  parameters  are  presented.  The  peculiarities 
of  the  fracture  of  profiled  cylinder  capsule  filled  with  porous  reactants  are 
analyzed.  The  influence  of  chemical  reaction  and  initial  porosity  of  the  powder 
on  the  process  is  investigated. 

1.  Gorelski  V.A.,  Zelepugin  S.A.,  Smolin  A.Yu.  Effect  of  discretization  in 
calculating  three-dimensional  problems  of  high-velocity  impact  by  the  fi¬ 
nite-element  method  //  Computational  Mathematics  and  Mathematical 
Physics,  1997,  vol.  37,  no.  6,  pp.  722-730 

2.  Gorelski  V.A.,  Zelepugin  S.A.  Modelling  of  titanium  carbide  synthesis  in 
condition  of  axisymmetric  high  velocity  impact  //  Chemical  Physics 
(Russian),  1 993,  vol.  1 2,  no.  8,  pp.  1140-1146. 

FLUCTUATIVE  DECAY  OF  SHOCK  WAVES  IN  THE  NON¬ 
LOCAL  THEORY  OF  DYNAMICALLY  DEFORMED 

MEDIA 

T.A.Khantuleva,  Yu.I.Mescheryakov* 

Saint-Petersburg  State  University,  *  Institute  of  Mechanical  Engineering 
Problems ,  Saint-Petersburg ,  Russia 

In  a  series  of  experimental  investigations  on  the  shock  loading  of 
some  materials  an  anomalous  high  shock  wave  decay  has  been  meas¬ 
ured.  Simultaneously,  by  using  the  interference  technique  for  measur¬ 
ing  the  free  surface  velocity  of  shock  loaded  targets  it  has  also  been 
found  an  essential  increase  of  the  particle  velocity  dispersion.  Micro¬ 
structure  investigations  of  recovered  specimens  has  shown  the  presence 
of  unusual  regions  of  strain  localization  in  cross-sections  of  specimens 
[1.2].  These  regions  have  a  shape  of  round  cells  and/or  chains  of  cells, 
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which  permits  to  believe  them  having  the  rotational  (vortical)  origin. 
Similar  to  the  shear  band  the  latters  are  elongated  in  the  wave  propa¬ 
gation  direction  crossing  grain  boundaries  without  deviation.  Their 
nucleation  is  thought  to  be  localized  in  the  mixing  layers  on  the 
boundaries  of  microflows  moving  with  different  velocities  in  the  direc¬ 
tion  of  wave  propagation  as  a  result  of  the  structure  and  velocity  het¬ 
erogeneity  of  the  shock  compression  of  solids.  In  shock  compressed 
solids  the  rotational  cell  diameter  has  been  ascertained  to  be  propor¬ 
tional  to  the  difference  in  accelerations  of  adjacent  microflows  between 
which  the  rotation  motion  of  a  medium  is  initiated. 

All  heterogeneities  arising  during  the  dynamic  straining  may  be 
related  to  the  so-called  mesoscopical  scale  level  (0.1-10  pm)  which  oc¬ 
cupies  an  intermediate  position  between  atom-dislocation  level  and 

macrolevel.  ,  , 

At  present  there  is  no  a  satisfactory  theory  to  describe  the 

mesoscopical  effects.  Therefore,  one  needs  in  such  approach  which  re¬ 
maining  to  be  macroscopical  could  take  into  account  the  processes  of 
re-arrangements  of  inner  structure  of  solid  during  the  dynamic  loading. 

In  the  presented  paper  a  new  approach  to  describe  structured  me¬ 
dia  subjected  to  dynamic  loading  is  developed  [3-5].  The  approach  is 
based  on  similarity  of  behavior  of  dynamically  loaded  solid  and  non¬ 
stationary  phenomena  in  hydrodynamics.  However,  it  distinguishes  in 
several  essential  aspects  on  the  classic  hydrodynamics.  Firstly,  it  is  a 
non-local  method,  i.e.,  it  takes  into  account  the  state  of  medium  not 
only  in  a  local  point  of  space  but  also  long-range  interaction  ot  sur¬ 
roundings.  Secondly,  it  self-consistently  takes  into  account  an  influence 
of  boundary  conditions  on  the  structure  formation  process,  so  that  the 
scale  of  structure  elements  and  kind  of  kinematical  mechanism  at  the 
microlevel  are  the  results  of  branching  of  total  nonlinear  task  of  dy¬ 
namic  straining.  In  particular  case,  when  non-local  parameter  tends  to 
zero,  the  weak-nonlocal  approximation  solutions  coincide  with  the 

solution  for  the  Newton  liquid. 

The  main  features  of  the  proposed  approach  can  be  demonstrated 
in  a  principle  problem  for  a  plane  elastic-plastic  wave  propagation  in 
semi-space  with  relaxation  processes.  In  case  of  uniaxial  strain  condi¬ 
tion  this  task  has  the  form: 

p  du /dt  +  do /dx  =  0, 

do/dt  +  pa 2  du/dx  =  ddl / dt  (1) 

in  our  theory  relaxation  item  of  constitutive  equation  is  written  in 
a  nonlocal  form 
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r  dx  ’  n 

g  d  (x,t)  =  p  D  (x,t)  -  p  e  J  - exp  [  — -  (x’-  x  -  y)2 du  (x’,t)/dx’  (2) 

£  £ 

Here  D  is  the  mesoparticle  velocity  dispersion,  jlx  e  is  the  effective 
viscosity  of  medium,  nonlocal  parameter  y  chacterizes  a  polarizing  in¬ 
fluence  of  boundary  x  =  0  on  the  state  of  medium  and  s  defines  the  ra¬ 
dius  of  nonlocal  correlations.  A  relationship  between  mass  velocity  de¬ 
crease  5u  due  to  fluctuative  motion  of  medium  and  dispersion  gradient 
is  obtained  in  the  form: 


5  u(x,t)  =  J  ( dD/dx )  dt 

o 

Thus,  current  value  of  fluctuative  decay  is  equaled  to  gradient  of 
mesoparticle  dispersion  while  the  total  value  of  wave  decay  is  deter¬ 
mined  by  integrating  over  the  rise-time  of  plastic  front. 

It  was  also  shown  that  in  case  of  D  =  const  the  wave  propagation 
velocity  decrease  is  also  dependent  on  the  mesoparticle  velocity  disper¬ 
sion:  a2  =  c  2  -  D/cf,  where  Cf  is  an  energetic  capacity  of  fluctuations  on 
the  mesoscopical  scale  level  and  c  is  the  sound  velocity.  In  scope  of  a 
new  theory  such  values  as  an  effective  viscosity  of  a  medium,  typical 
scales  of  internal  structure  formed  by  the  nonlocal  correlations  were 
approximately  defined  in  analytical  form  taking  into  account  addi¬ 
tional  experimental  data  for  mass  velocity  u,  velocity  dispersion  D,  and 
normal  stress  a.  The  typical  sizes  of  the  internal  structure  in  the  normal 
direction  to  the  wave  were  determined  on  a  base  of  the  well  known 
shear  flow  problem  and  turned  out  to  be  coincided  with  those  discov¬ 
ered  in  microstructure  investigations  in  form  of  mesorotations. 

1.  Yu.I.  Mescheryakov,  S.A.  Atroshenko.  Int.  J.  Solids  and  Structures.  1992, 
vol.29.  No  22,  pp. 2761-2778. 

2.  Yu.  I.  Mescheryakov,  N.A.  Makhutov,  S.A.  Atroshenko.  J.  of  the  Me¬ 
chanics  and  Physics  of  Solids.  1994,  vol.  42,  No  9,  pp.  1435-1457. 

3.  T.A.  Khantuleva,  B.V.  Filippov.  Boundary  problems  of  the  Nonlocal  Hy¬ 
drodynamics.  Bulletin  of  Leningrad  State  university.  1984.  (  USSA) 

4.  T.A.  Khantuleva,  S.A.  Vavilov.  In:  Proc.  of  the  19-th  Int.  Symposium  on 
RCD,  Oxford  Univ.  1994. 

5.  T.A.  Khantuleva,  Yu.I.  Mescheryakov.  In:  High  Pressure  Science  and 
Technology.  Proc.  Joint  XV  AIRPART  and  XXXIII  EHPRG  Int.  Conf. 
Ed.  By  Trzeciakowski,  Warsaw,  1995,  pp.  947-  949 
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MODELING  OF  MESOFRAGMENT  ROTATIONS  IN  MA¬ 
TERIAL  UNDER  DYNAMIC  LOADING 

P.V.  Makarov,  I.Y.  Smolin,  D.V.  Shmick 

Institute  of  Strength  Physics  and  Materials  Science,  Siberian  Branch  of 

RAS,  Tomsk ,  Russia 

Earlier  the  authors  found  out  local  rotations  of  fragments  of  me¬ 
dium  in  front  of  shock  wave  and  behind  it  in  numerical  modeling  pas¬ 
sage  of  plane  shock  wave  instructural  non-homogeneous  media  [1].  Re¬ 
sults  of  further  researches  of  rotations  of  separate  fragments  in  the 
mesovolumes  of  polycrystalline  material  at  passage  of  a  shock  wave  are 
submitted  in  the  present  work. 

A  model  taking  into  account  appearance  of  unbalanced  internal 
moments  and  non-symmetrical  stress  tensor  at  development  of  plastic 
shears  in  separate  slip  systems  is  suggested.  Some  results  of  modeling 
passage  of  plane  shock  wave  in  medium  with  unbalanced  moment  are 
submitted.  Calculations  based  on  this  model  have  shown  amplification 
of  effect  of  plastic  deformations  localization.  Dynamics  of  local  rota¬ 
tions  is  investigated  at  passage  of  release  wave. 

For  numerical  researches  the  program  based  on  the  Lagrange  ap¬ 
proach  with  relax  determining  equations  was  applied. 

1  Makarov  P.V.,  Smolin  I.Yu.  Modeling  of  shear  bands  in  mesovolumes  of 
metals  under  shock  loading  and  unloading,  Abstracts  of  Int.  Workshop 
"New  models  and  numerical  codes  for  shock  wave  processes  in  condensed 
media",  Oxford  1997. 

FEATURES  OF  NUMERICAL  MODELING  OF  STRAIN 
LOCALIZATION  AND  FRACTURE  AT  THE  NESOLEVEL 
IN  METALS  UNDER  SHOCK  WAVE  LOADING 

I.Y.  Smolin,  Y.P.  Stefanov 

Institute  of  Strength  Physics  and  Materials  Science ,  Siberian  Branch  of 

RAS ,  Tomsk,  Russia 

The  paper  is  devoted  to  peculiarities  of  numerical  description  of 
strain  localization,  formation  and  opening  of  meso-  and  macro  cracks 
at  modeling  of  shock-wave  deformation  in  mesovolumes  of  polycrys¬ 
talline  materials.  .  . 

For  simulation  of  strain  localization  processes  on  mesolevel  it  is 
suggested  to  take  into  account  obviously  the  main  structural  heteroge¬ 
neities  of  mesoscale:  grains  and  their  boundaries,  various  inclusions 
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and  allocation  of  other  phases.  Thus,  distinction  of  elastic  characteris¬ 
tics  and  strength  properties  of  different  fragments  of  structure  are 
taken  into  account  in  calculations.  A  through  method  of  calculation  is 
applied,  when  the  area  of  localization  was  not  set  beforehand  and  only 
peculiarities  of  heterogeneity  distribution  result  in  non-homogeneous 
distribution  of  stresses  and  strains,  and,  consequently,  appearance  of 
shear  bands. 

For  fracture  modeling  at  shock  wave  deformation  a  method  based 
on  splitting  of  nodes  of  the  Lagrange  grid  and  formation  of  new  free 
surfaces  at  opening  of  a  crack  is  used.  An  integrated  criterion  of  dam¬ 
ages  accumulation  was  used  as  a  condition  for  generation  and  growth 
of  cracks. 

The  finite  difference  scheme  of  the  second  order  of  accuracy  in 
Lagrange  variables  with  necessary  changes  in  the  determining  equa¬ 
tions  of  relax  type  and  technique  of  splitting  of  grid  nodes  forms  the 
basis  for  the  used  computer  programs. 

Examples  of  solving  2D  problems  in  plane  strain  condition  are 
considered.  Results  of  modeling  formation  of  zones  of  localized  strain 
in  various  model  mesovolumes  of  structural  non-homogeneous  me¬ 
dium  at  passage  of  plane  shock  wave  and  examples  of  modeling  spall 
fracture  are  submitted. 

NUMERICAL  INVESTIGATION  OF  RELAXATION 
PROCESSES  IN  MESO VOLUME  OF  METALS  IN  SHOCK 
AND  RELEASE  WAVES 

Romanova  V.A.,  Balokhonov  R.R.  and  Makarov  P.V. 

Institute  of  Strength  Physics  and  Materials  Science .  Siberian  Branch  of 

RAS,  Tomsk  Russia 

An  elastic-plastic  medium  response  of  relaxation  type  to  dynamic 
loading  has  been  numerically  investigated.  The  subject  under  study  was 
representative  mesovolume,  that  is  conglomerate  of  grains  differently 
oriented  to  loading  direction.  The  different  orientation  of  grains  is 
given  by  divergence  of  mechanical  characteristics  from  average  ones 
corresponding  to  macroscopic  characteristics  of  the  materials.  In  each 
grain  the  medium  is  considered  as  continuum  and  its  behavior  is  de¬ 
fined  by  evolution  of  the  dislocation  continuum.  Averaging  the  me¬ 
chanical  response  to  loading  over  the  volume,  we  obtain  macroscopic 
behavior  consistent  with  experimental  data.  It  is  sense  that  mesovol- 
ume  under  study  is  representative  -  on  the  average  it  exhibits  the  mate- 
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rial  macroscopic  properties.  An  elastic-plastic  model  of  relaxation  type 
implies  that  deviatoric  part  of  stresses  depends  on  plastic  strain  rate. 
To  construct  the  constitutive  equation  of  relaxation  type  two  ap¬ 
proaches  studied  early  were  combined.  At  first,  plastic  strain  rate  in 
shock  wave  can  be  connected  with  evolution  of  dislocation  continuum. 
The  advantage  of  this  approach  is  that  the  parameters  of  the  model  is 
of  an  obviously  physical  sense  and  can  be  found  by  means  of  inde¬ 
pendent  experiments.  But  there  are  essential  difficulties  to  simulate  2D 
problem  because  of  a  number  of  new  parameters  which  would  be  de¬ 
fined.  Therefore  to  calculate  2D  representative  mesovolume  we  used 
the  conception  about  viscous  nature  of  relaxation  processes  in  shock 
waves.  In  this  case,  the  shear  stresses  are  sum  of  two  functions,  oneof 
which  depends  only  on  accumulation  plastic  deformation  and  describes 
work  hardening,  and  second  one  is  connected  to  plastic  strain  rate  and 
named  as  viscous  stresses.  In  shock  waves  the  viscous  stresses  are  of  an 
obviously  physical  sense  and  are  difference  between  Hugoniout  shock 
adiabat  and  Reliey  line.  The  viscous  stresses  are  in  proportion  to  plas- 
tic  strain  rate,  and"  coefficient  of  proportionality  depends  on  plastic  de¬ 
formation  and  stresses.  Function  of  relaxation  coefficient  was  found 
out  on  the  basis  of  experimental  data  on  elastic  precursor  decay  and 
ID  shock  wave  calculations  using  dislocation  kinetics  of  plastic  shears 
as  mentioned  above.  It  is  shown  that  relaxation  conception  gives  the 
adequate  description  of  material  behaviour  at  micro-,  meso-  and  mac¬ 
roscale  levels  under  high-rate  loading,  particularly  under  shock  waves. 
Evolution  of  micro  and  mesostructures  and  also  relaxation  of  macro¬ 
scopic  stresses  in  the  region  of  non  steady  state  shock  fronts  and  release 
waves  are  investigated. 

MATEMATHHECKAfl  MO^EJIb  B3AHMOflEHCTBMfl 
H3J1YHEHH5I  C  jJE<POPMHPYEMOM  IlPErPAJIOH 

OCTpHK  A.B.,  *Octphk  E.A. 

LJOTM  MO  P0,  Cepp.uee  flaccid,  *M0TM,  Mockbci 

B  HacToamee  BpeMa  HMeeTca  npeACTaBHTejibHbin  Habop  MaTeMa- 
THHecKHX  MOAeneh,  onncbiBammnx  B3anMOAencTBHe  n3nyneHHa  c 
KOHAeHCUpOBaHHbIM  BeiljeCTBOM  IH  pa3JlMHHbIX  £JIHH  BOJ1H  H  OJIOT- 
HOCTen  noTOKOB  THeprnu.  B  saBHCHMOcra  ot  pe>KHMOB  B03AencTBna, 
CBohcTB  NtaTepwajia  nperpa^bi  n  oKpywaminen  cpe/rni  3th  MOAenn  cy- 
mecTBeHHO  oTJinHajoTca  OAHa  ot  Apyroif.  Ho  b  tom  cjiynae,  koiau  Hac 
HHTepecveT  MexammecKoe  AencTBHe  H3Jiy4eHHH.  B03HHKaiomee  bjiaro- 
Aapa  rnApOAHHaMHHecKOMy  pa3AeTy  napOB  BemecTBa,  Ta  rpynna 
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npoueccoB,  Koxopaa  onpe^ejraeT  MexaHHHecKHe  Harpy3KH  Ha  kohach- 
CHpOBaHHyK)  nperpaAy,  OKa3biBaexca  npaKXHnecKH  oahoh  h  toh  ace  b 
LunpoKOM  Anana30He  aahh  boah  h  onncbiBaexca  cncxeMOH  ypaBHeHHH 
paAHapHOHHOH  ra30B0H  AHHaMHKH  c  ynexoM  CABHroBbix  HanpjDKeHHH 
b  TBepAOM  Teae.  LJeAbio  HacxoameH  pa6oTbi  HBAaexca  nocTpoeHHe 
AOCTaTOHHO  o6meH  MaTeMaTHHeCKOH  MOAeAH,  n03B0AAK)LHeH  HCCAe- 
AOBaTb  MexaHHHecKoe  AencxBHe  H3AyneHHH  onxnHecKoro  h  peHxre- 
HOBCKoro  Anana30H0B  cneKTpa.  TaKaa  MOAeAb  Heo6xoAHMa,  HanpH- 
Mep,  npH  pacnexe  bo3Achctbhh  Ha  Ae^opMHpyeMyio  nperpaAy  noxoxa 
H3AyneHHa,  HMeiomero  b  cBoeM  cocTaBe  KBaHTbi  c  CHAbHO  pa3AHHaio- 
LAHMHca  3HeprnaMH. 

npH  pacneTe  B3aHMOAeHCXBHa  H3AVHeHHa  C  KOHAeHCHpOBaHHOH 
cpeAOH  npHMeHHiOTCH  ABa  aAbTepnaTHBHbix  noAxoAa:  c  npeAexaBAe- 
HneM  oSaacTH  CHAbHO  norAomaiomero  CAoa  b  BHAe  ABH>KymeHca  no- 
BepXHOCTH  pa3pbiBa  h  6e3  ero  BbmeAeHHa.  Bbcachhc  AonoAHHxeAbHO- 
ro  pa3pbiBa  onpaBAaHo  npH  paccMOTpeHHH  AeHCXBHH  H3AyweHHH  on- 
THnecKoro  Anana3pHa,  KorAa  norAomaiomHH  caoh  xohkhh  h  pacno- 
AO>KeH  HenocpeACTBeHHO  y  rpaHHpbi  TBepAoro  TeAa,  T.e.  HBAaexca  ec- 
recxBeHHbiM  pa3AeAeHneM  o&nacTeH  conpoxHBAaiomHxcfl  h  Heconpo- 
THBAHHDLiiHxca  cABHry.  B  CAynae  6oAee  >xecxKoro  H3AyHeHHa  c  3Heprn- 
en  KBaHTOB  E>1k3B  norAomaiomHH  caoh  He  MaA  h  ero  BbiAeAeHHe, 
Kan  npaBHAO,  He  AeAaexca.  hto  CHHMaeT  Bonpocbi  o  KHHexHKe  $a30B0- 
ro  nepexoAa  h  noAo>KeHHH  rpaHHHbi  Me>KAy  CHAbHO  h  CAa6o  norao- 
maiOLAHMH  oSAacTAMH.  IlAaBHbiH  nepexoA  ot  TBepAoro  MaxepHaAa, 
conpoTHBAaiomeroca  CABHry,  k  ra30o6pa3HbiM  npoAyKTaM  ncnapeHHa 
ocymecTBAaeTca  3aAaHHeM  npeAeAa  xeKynecxH  b  BHAe  cj)yHKUHH  ox 
TeMnepaTypbi  ham  BHyxpeHHen  3HeprHH,  oSpamaiomeHca  b  HOAb  npn 
npeBbiLLieHHH  HeKOTOpbix  3aAaHHbix  3HaneHHH  sthmh  nepeMeHHbiMH. 
B  npeAAaraeMOH  moacah  OAHOBpeMeHHO  peaAH3VK>xca  06a  paccMOx- 
peHHbix  CAvnaa  xoHKoro  h  TOACTOro  norAomaiomHX  CAoeB.  /J,ah  3to- 
ro.  noMHMO  BBeAeHHa  pa3pbiBa,  npoH3BOAHTca  AeAeHHe  bo3achct- 
Byioinero  noxoKa  H3AyneHHa  Ha  ABe  Hacxn:  Maricyjo,  oxBexcxBeHHyio 
3a  ABH>KeHHe  pa3pbiBa  h  He  npoxoAflinyio  nepe3  Hero,  h  >KecxKyK),  no- 
rAomaeMVK)  xoAbKo  oGbcmho.  FIpn  3xom  xenAOBoe  H3AyneHHe  rma3- 
vibi  oxhochxch  k  MancoH  HacxH  noxoKa  h  noAHoexbK)  norAomaexca  Ha 
pa3pbiBe. 

MaxeMaxHHecKaa  cfjopMyAHpoBKa  3aAawn  coAepwnx:  CHCxeMy  ao- 
KaAbHbix  3AKOHOB  coxpaHeHHH.  3anHcaHHbix  ajib  OAHOMepHoro  CAywaa 
b  AarpaH>KeBbix  KOopAHHaxax;  iiiHp0K0AHana30HHbie  ypaBHeHHa  co- 
CXOHHHfl  M  3ABHCMMOCXM  CneKXpaAbHbIX  MACCOBblX  K03(|)<])HUHeHX0B 
norAomeHHa  ox  xeMnepaxypbi  h  iiaoxhocxh:  ypaBHeHHH  ajih  pacnexa 


67 


cABHroBbix  Hanpfl>KeHHH  (ncnojib3yioTCS  cooTHomeHna  AHCJiOKauH- 
ohhoh  MOAeJiH,  KoppeKTHo  onncbiBaiomHe  3aTyxaHHe  bojih  Hanpa>Ke- 
hhh  b  MeTajuiax);  ypaBHeHHH  nepeHOca  H3JiyneHHa;  cooTHomeHHSi  Ha 
pa3pbiBe  h  ^onoJiHHTejibHbie  ycjioBHH  Ha  HeM,  cne/tyiomHe  H3  pac- 
CMOTpeHHa  KHHeTHKH  b  nontomatomeM  cnoe  (Hcnojib3yioTCfl  MO^eJiH 
KHyAceHOBCKoro  cjioh  ncnapeHHH  AHHCHMOBa-PoMaHOBa-HaHTa  h 
H30TepMHHecKoro  CKaHKa).  FtepeHOC  TemiOBoro  H3JiyHeHHfl  njia3Mbi 
onncbiBaeTCH  npn6jiH>KeHHO  Ha  ocHOBe  CHHTe3a  .ztByx  MO^eneH  jyia 
npeAeJibHbix  cjiynaeB  (o6beMHoro  BbicBeTa  H3  bhciuhhx  onTHHecKH 
TOHKHX  CJIOeB  W  JiyHHCTOH  TenJIOnpOBO,HHOCTH  jjm  BHyTpeHHHX  OnTH- 
wecKH  TOJiCTbix  CJIOeB).  PacneT  pacnpocTpaHeHHH  h  nomomeHHa  ace- 
ctkoh  nacTH  H3JiyHeHHH  ocymecTBJiHeTca  mcto/iom  MoHTe-KapJio  c 
ynexoM  ^OTonorjiomeHHH,  KorepeHTHoro  h  KOMnTOHOBCKoro  paccea- 
hhh,  a  TaK>Ke  ^>jiK)opecueHUHH. 

CtJjopMyjiHpoBaHHaa  cncTeMa  AH<j)(l)epeHLtHajibHbix  ypaBHeHHH  c 

KpaeBbiMH  ycjiOBnaMH  peiuaeTca  KOHeHHO-pa3HocTHbiM  MeTO/tOM, 
npeACTaBJiaiomuM  co6oh  nojiHOCTbio  KOHcepBaTHBHyK)  cxeMbi  BTopo- 
ro  nopanKa  tohhocth  c  HeaBHOH  annpoKCHMauneH  HCKyccTBeHHOH 
Ba3KocTH.  nojiynaioiiiaaca  cncTeMa  ajire6paHnecKHX  ypaBHeHHH  jih- 
HeapH3yeTca  no  HbtOTOHy  h  peiuaeTca  mcto^om  MaTpHHHOH  nporoH- 
kh  c  nocJieAyioiUHMH  HTepau,HaMH. 

Pe3VJibTaTbi  pacneTOB  npHBOAHTCB  b  oSnacTH  H3MeHeHHa  3HeprHH 
KBaHTOB  E=0, 1 ...  IO10B,  rue.  Bo-nepBbix,  npoxofljrr  rpaHHUbi  npwMe- 
hhmocth  MOAenew  c  tohkhm  h  TOJicTbiM  cjioaMH  norjiomeHHa,  a  BO 
BTopbix,  HMeeT  MecTO  MaKCHMajTbHaa  MexaHnnecKaa  3(|}(j)eKTHBHOCTb 
B03AeHCTBHa. 

SCALING  PHENOMENA  IN  DEFECT  ENSEMBLES  AND 
STRUCTURE  OF  STRESS  WAVES  IN  SHOCKED 
MATERIALS 

O.Naimark,  J.-L.Lataillade* 


Institute  of  Continuous  Media  Mechanics.  Perm,  Russia  *LAMEF-ENSAM, 

Talence,  France 

The  experimental  study  of  solid  behavior  under  strong  shock  wave 
loading  reveals  pronounced  features  of  the  self-similarity  that  is  typical 
for  essential  nonlinear  systems  in  the  condition  of  the  non-equilibrium 
transitions.  The  understanding  of  these  regularities  is  important  both 
from  point  of  view  of  fundamental  aspects  of  plasticity  and  failure  and 
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for  the  explanation  of  specific  relaxation  ability  in  shocked  materials. 
The  self-similar  solid  response  on  shock  wave  loading  was  investigated 
first  by  Sakharov's  group  [1]  when  the  surprising  fact  of  practically 
constant  value  of  viscosity  r)«104  Pz  was  established  for  all  investigated 
matter  (aluminum,  lead,  water  and  mercury)  for  the  strain  rate  range  8 
~  104  -107  .st1  .  The  universal  dependence  of  strain  rate  as  the  fourth 
power  of  the  shock  stress  was  observed  also  by  Swegle  and  Grady  [2  ] 
at  the  same  range  of  the  strain  rate. 


Fig  I :  Defect  density  evolution  (a)  and  profile  of  shock  wave  (b). 


The  self-similarity  features  of  solid  response  on  impact  were  stud¬ 
ied  by  Naimark's  group  [3]  for  the  explanation  of  the  overloading  effect 
(the  so-called,  "dynamic  branch")  under  spalling.  Having  the  goal  to 
study  the  influence  of  the  mesodefects  on  relaxation  properties  and 
failure  in  shocked  materials  the  statistical  thermodynamics  of  typical 
mesoscopic  defects  (microcracks,  microshears)  was  developed  by  Nai- 
mark  [4,5.6]  using  the  experimental  data  established  the  linkage  in  the 
evolution  of  ensemble  of  these  defects  with  relaxation  properties  of 
solid  and  transition  to  fracture.  Specific  microscopic  (and  macroscopic) 
tensor  parameters  playing  the  role  of  order  parameter  and  describing 
the  mesodefects  as  localization  of  corresponding  symmetry  group  of 
the  translations  (from  point  of  view  of  the  gauge  field  theory)  were  in¬ 
troduced.  Statistical  description  based  on  the  solution  of  the  Fokker- 
Plank  equation  allowed  the  establishment  of  the  free  energy  form  of 
solid  with  these  types  of  defects  and  continuum  evolution  equations 
describing  the  influence  of  defect  kinetics  on  relaxation  properties  and 
transition  from  disperse  accumulation  of  defects  (damage)  to  fracture. 
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The  essential  result  of  the  developed  approach  is  the  opportunity  to  de¬ 
scribe  qualitative  different  material  responses  (plasticity,  transition  to 
fracture)  without  the  usage  of  yield  (quasi-static)  characteristics  ot 
phenomenological  plasticity  and  fracture  theories  but  as  inherent  non¬ 
linear  properties  of  defect  ensemble.  The  correspondence  of  nonlinear 
material  responses  in  terms  of  "defect  density  tensor  pxx  -  stress  a** 
and  shock  wave  profile  (established  by  Naimark)  are  presented  in  Fig 

la  and  b.  ,  .  ,  ,  .. 

The  qualitative  different  solid  responses  are  determined  by  the 

value  of  the  dimensionless  parameter  S  characterizing  by  two  natural 

scales  in  heterogeneous  materials: 

-  the  mean  size  of  the  defect  nuclei  (related  to  the  size  of  structural 

heterogeneity  for  instance  the  grain  size) 

-  the  correlation  radius  of  the  stress  fluctuation  caused  by  the  de¬ 
fect  growth 

The  decrease  of  £  reflects  qualitative  changes  of  solid  response  on 
the  defect  growth  that  are  observed  for  submicrocrystalline  state  f8> 
8 ).  for  ductile  (£  <  8 <  Sc)  and  quasi-brittle  (8<  Sc)  responses,  where 
Sc  and  &  are  the  bifurcation  points  determined  by  the  statistical  theory. 
The  free  energy  form  reflecting  the  diversity  of  above  responses  could 
be  represented  as  the  fourth  power  Ginsburg-Landau  expansion  in 
term  of  the  p.  v  order  parameter  (for  the  uniaxial  loading): 

F  =  1  12  Ao  ( 1  -8/S)  P\x  -  1/3  B  P’xx  -  1/4  Co  (1  -S/Sc)  P4XX  -  D  axx  Pxx 

where  A()l  B,  Co  and  D  are  material  parameters.  The  sharp  change 
of  the  material  sensitivity  on  the  defect  growth  due  to  the  loading  (for 
instance,  the  qualitative  transition  from  plastic  relaxation  to  the  failure 
kinetics)  is  described  as  the  dependence  of  Son  Pxx.  8=  S0(  1  -  (3  Pxx).  The 
developed  approach  allowed  us  to  propose  the  interpretation  of  char¬ 
acteristic  parts  of  the  shock  wave  profile.  The  explanation  of  the  time 
dependent  H.E.L.  is  given  as  the  consequence  of  the  strain  rate  de¬ 
pendent  depth  of  the  penetration  of  the  nonlinear  system  into  metasta- 
bilitv  area  (gi  -  an,  point  a  ).  The  shock-induced  softening  is  realized 
due  to  the  sharp  increasing  of  the  defect  density  tensor  (in  fact,  defor¬ 
mation  caused  by  defects)  during  the  orientation  ordering  in  defect  en¬ 
semble.  It  is  accompanied  by  the  generation  of  the  spatial-localized 
structures  of  the  plastic  instability  in  the  form  of  solitary  waves  (Post- 
Yield  Flow  Instability,  a  -  b  transition).  The  viscous  flow  at  the  steady 
shock  front  is  realized  due  the  change  of  the  sensitivity  of  materials  to 
the  defect  growth.  It  leads  to  the  decrease  of  the  current  value  of  the  S 
parameter  and  as  the  consequence  to  the  "extension"  of  the  non- 
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equilibrium  transition  fb->  b'  —>  b"  )  due  to  the  change  of  the  free  en¬ 
ergy  form  (playing  the  role  of  plastic  potential)  under  the  stress  in¬ 
creasing. 

Taking  in  view  the  driving  force  of  this  transition  -  dF/d  Pxx,  the 
kinetics  for  Pxx  reads 

Pxx  =  -  Lp  dF/F Pxx  !  ab->b<*  LpC0  P  G-4  a4xx 

where  Lp  is  the  defect  kinetic  coefficient,  G  is  the  shear  elastic 
modulus  of  the  material. 

The  stable  fourth  power  dependence  of  strain  rate  on  stress  could 
be  observed  (Fig  la)  for  a->  b->  b'->  b"...  on  transitions  when  the 
maximum  depth  of  the  penetration  in  the  metastability  area  is  reached. 
It  is  provided  by  the  approaching  gi  -^-on  (Fig  lb)  for  the  critical 

strain  (or  stress)  rate  (e  ~  104  -lOTv1). 
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Detonation  and  initiation  studies  in  the  past  have  led  to  a  large  body  of 
knowledge  concerning  the  nature  of  these  phenomena.  While  much  has  been 
learned,  there  are  some  areas  where  very  little  is  known,  e.g.,  the  chemistiy  in 
the  detonation  reaction  zone  -  almost  nothing  is  known  about  the  chemical 
species  and  reactions  that  occur  in  this  regime.  However,  with  ultra-fast  laser 
based  measurements  now  available  in  many  experimental  areas,  more  studies 
are  being  done  that  are  leading  to  increased  understanding  of  the  reaction 
processes. 

This  presentation  will  not  be  a  comprehensive  review  of  work  that  has 
been  done  in  the  past,  but  will  concentrate  on  work  familiar  to  and  of  interest 
to  the  author.  An  extended  relationship  with  Ray  Engelke  and  more  recent  as¬ 
sociations  with  Rick  Gustavsen  and  Lloyd  Davis  have  helped  a  great  deal  in 
my  understanding  in  this  area  so  I  have  listed  these  as  co-workers  in  this  pres¬ 
entation.  .  .  . 

Nitromethane  (NM)  is  one  of  the  more  simple  liquid  explosive  materials. 

It  has  been  studied  in  some  detail  over  the  last  40  years  but  the  first  reaction 
steps  are  still  being  debated.  There  are  now  hints  of  what  the  reactions  aie, 
based  on  the  workof  Engelke  et  al.1  at  Los  Alamos  and  that  of  Gupta  et  al.2 
at  Washington  State  University  (WSU).  There  seems  to  be  two  different  areas 
of  thinking,  relative  to  the  initial  chemistry  occurring  in  NM;  those  who  think 
homolytic  reactions  are  important  (namely,  C-N  bond  scission)  and  those  that 
believe  that  normal  condensed  phase  high  pressure  reactions  (condensation  re¬ 
actions)  dominate.  The  first  group  is  composed  mainly  of  workers  that  believe 
gas-phase  chemistry  is  applicable,  while  the  latter  group  is  composed  mainly  or 
those  associated  with  condensed-phase  high-pressure  chemistry  studies.  In  or¬ 
der  to  better  understand  dynamic  shock  chemistry  of  organic  liquids,  a  discus¬ 
sion  of  some  aspects  of  this  area  is  given. 
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In  the  past  many  organic  liquids  have  been  studied  under  shock  condi¬ 
tions.  A  few  of  them  have  addressed  shock-induced  reaction,  e.g.,  studies  in 
Russia  by  Yakushev  et  al.34  and  by  Richard  Dick5  at  Los  Alamos.  A  number 
of  the  liquids  were  found  to  have  cusps  in  the  experimental  Hugoniots  that 
were  attributed  to  shock-induced  chemistry.  Work  done  at  WSU  on  carbon 
disulfide6  led  to  a  method  of  uncovering  evidence  of  shock-induced  reactions 
in  liquids.  The  universal  liquid  Hugoniot  developed  by  Woolfolk  et  al.7  is  an 
empirical  form  that  was  developed  by  fitting  to  the  Hugoniot  data  of  a  num¬ 
ber  of  liquids  available  at  the  time.  This  relationship  is: 

Us  =  1.37  Co  -  0.37Coexp-(2uP/Co)  +  1.62  uP 

where  Us  is  the  shock  velocity,  uP  is  the  particle  velocity,  Co  is  the  sound 
speed  at  ambient  conditions.  If  the  sound  speed  is  known,  a  Us-uP  Hugoniot 
can  be  calculated.  From  this  other  Hugoniot  parameters  (e.g.  pressure)  can  be 
calculated  if  the  initial  density  is  known. 

Hugoniot  data  for  a  large  number  of  liquids  have  been  plotted  and 
matched  with  the  universal  liquid  Hugoniot;  it  provides  a  very  good  estimate 
for  the  experimental  Hugoniot.  Non-reacting  liquids  including  mercury,  water, 
n-hexane,  and  liquid  argon,  were  looked  at  as  well  as  reacting  materials  in¬ 
cluding  carbon  disulfide,  benzene,  and  toluene.  The  latter  show  large  devia¬ 
tions  of  the  data  from  the  empirical  Hugoniot  above  the  cusp. 

Many  organic  materials  show  reactions  in  which  the  products  are  more 
dense  than  the  reactants,  e.g.  benzene.  Explosive  materials  have  products  that 
are  less  dense  than  the  reactants,  e.g.  nitromethane.  These  two  conditions  rep¬ 
resent  the  two  ends  of  a  spectrum.  There  are  undoubtedly  materials  that  react 
to  give  products  without  an  accompanying  large  volume  change.  Carbon  tet¬ 
rachloride  may  fall  in  this  category. 

Dremin  et  al.8  published  a  figure  depicting  the  wave  profiles  expected 
from  shock-induced  reactions  in  materials  where  the  products  were  more  dense 
than  the  reactants.  These  range  from  a  two-wave  structure  when  the  first  wave 
is  not  overdriven,  to  a  steady  wave  with  a  “notch”  where  the  reaction  is  occur¬ 
ring.  Two-wave  structures  have  been  measured  in  single-shock  experiments  in 
acrylonitrile4  and  phenylacetylene.9 

In  order  to  determine  the  reaction  associated  with  these  Hugoniot  cusps 
in  organic  materials,  Engelke  and  Blais10  studied  single-crystal  anthracene  in  a 
mass  spectrometer  system.  Anthracene  crystals  were  shocked  by  exploding- 
foil-driven  Kapton  flyers.  Anthracene  was  found  to  be  dimerizing  when 
shocked  to  pressures  above  the  cusp.  This  is  evidence  of  a  condensation  reac¬ 
tion,  exactly  what  is  expected  based  on  high  pressure  chemistry. 

What  does  this  have  to  do  with  chemistry  in  initiation  and  detonation? 
Blais  et  al.1  have  done  similar  mass  spectrometer  measurements  on  detonating 
NM.  They  found  that  new  chemical  species  are  observed  in  the  reaction  zone 
which  are  the  result  of  condensation  reactions  where  two  or  more  NM  mole¬ 
cules  combine  to  form  molecules  more  massive  than  NM  or  produce  molecules 
in  which  numerous  nitrogen  atoms  are  present.  This  is  evidence  that  condensa¬ 
tion  reactions  occur  in  NM  under  detonation  conditions. 
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The  1-D  ZND  model  of  a  detonation  appears  to  be  a  reasonable  ap¬ 
proximation  for  what  is  going  on  in  a  number  of  explosive  materials.  Dremm 
has  proposed  that  a  2-D  phenomena,  similar  to  what  occurs  in  gas  phase 
detonations,  also  occurs  in  condensed  phase  detonations  on  some  scale  t  is 
has  yet  to  be  carefully  verified.  We  have  measured  the  ration  zone  of  do¬ 
nating  NM  interacting  with  a  Plexiglas  window  using  a  VISAR 
system.  The  profile  from  this  measurement  is  shown  in  Fig.  1,  it  agrees .well 
with  the  ZND  model  when  the  appropriate  impedance  matching  is  do  . 
Similar  measurements  on  PBX9501  show  the  same  thing.  S>mtlar  reactmn  zone 
studies  are  also  being  done  by  Tarver  et  al."  at  LLNL  in  the  DSA  and  by  Fe 
dorov  et  al  12  and  Lubyatinsky  et  al.13  in  Russia.  .  .  . 

Recently  we  have  measured  sound  speeds  on  a  number  of  liquid  explo- 
sives  and  estimated  detonation  parameters  for  them.  These  mcbide  biomoni- 
tromethane  (BrNM),  isopropyl  nitrate,  and  hydrogen  peroxide.  We  have  mad 
seven,,  measurements  on  BrNM.  comparing  it  to  NM,  some  in.eres.mg  mfo  - 
mation  has  resulted.  BrNM  appears  to  have  a  von  Neumann  spike  pi essuie 
about  double  that  of  NM.  Much  of  this  is  probably  a  density  effect.  Its 
tivity  to  shock  input  is  about  the  same  as  NM. 


Time  (ns) 


FIGURE  1.  Interface  particle  velocity  profile  of  a  NM  detonation  wave 

interacting  with  a  Plexiglas  window. 

We  have  done  shock  initiation  measurements  on  PBX9501  in  which  as 
manv  as  12  in-material  magnetic  gauges  have  measured  ,he  sh°“'t0; 
detonation  transition  with  very  nice  particle  velocity  profiles.  In  addition  a 
•‘shock  tracker"  provided  an  distance-time  plot  for  the  shock  ft ont  showmg 
dearly  the  turn  over  to  detonation.  These  experiments  will  be  discussed  in  de- 
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tail  by  Rick  Gustavsen  later  in  this  conference.  Similar  studies  are  also  being 
done  with  manganin  gauges  by  Urtiew,  Tarver,  Simpson,  et  al.  at  LLNL.IJ 

In  summary,  a  number  of  experimental  studies  have  recently  been  done 
or  are  being  done  that  add  interesting  new  information  to  the  physics  and 
chemistry  of  detonation  and  initiation.  If  these  studies  can  continue,  impor¬ 
tant  new" understanding  will  result,  both  with  respect  to  the  reaction  chemistry 
and  the  detonation  reaction  zone.  In  addition,  studies  on  new  explosive  mate¬ 
rials  are  also  adding  interesting  new  information. 
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DETONATION  FRONT  IN  HOMOGENEOUS  AND 
HETEROGENEOUS  HE 

A.V.  Fedorov,  E.V.  Zotov,  G.B.  Krasovski,  A.V.  Menshikh,  N.B. 

Yagodin 

Russian  Federal  Nuclear  Center-  VNIIEF.  Arzamas- 16,  Russia 

There  is  presently  no  completed  physical  model  of  detonation. 
The  problem  to  determine  basic  parameters  of  detonation  wave  for 
particular  HE  formulations  is  still  urgent.  This  paper  gives  description 
of  experimental  and  numerical-theoretical  researches  of  the  detonation 
front  structure  to  construct  equation  of  state  of  nonreacted  HE  in  wide 
range  of  pressures,  to  determine  value  of  Neumann  spike  and  width  of 
the  chemical  reaction  zone  for  group  of  mixture  HE. 

Formulations,  based  on  HMX.  RDX,  PETN.  TNT,  were  studied 
as  heterogeneous  HE.  Liquid  HE  basing  on  tetranitromethane  and 
fluorine  nitroform,  were  used  as  homogeneous  HE.  Particle  velocities 
vs.  time  with  nanosecond  time  resolution  were  recorded  by  laser  inter¬ 
ferometric  Fabry-Perot  and  ORVIS  methods  at  the  HE  window  inter¬ 
face  border. LiF,CaF2  crystals,  water  and  other  substances  were  used 
as  window  materials. 

Neumann  spike  values  were  determined,  which  1.4- 1,8  times  ex¬ 
ceed  the  Jouget  state  in  value  for  different  HE,  For  studied  HE  the 
Jouget  state  parameters  and  chemical  reaction  zone  width  were  deter¬ 
mined  as  well.  Numerical  simulations  of  the  detonation  front  structure 
was  performed.  Good  agreements  between  numerical  and  experimental 
data  was  obtained. 
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SHOCK  WAVE  INITIATION  OF  LIQUID  EXPLOSIVES 

M.F.Gogulya,  A.Yu.Dolgoborodov,  M.A.Brazhnikov, 
S.A.Dushenok* 

Institute  of  Chemical  Physics,  Moscow,  *  '‘Technology”  Research  Center, 

Saint-Petersburg 

Shock  wave  initiation  of  liquid  explosives  (LE)  was  experimentally 
investigated:  bis(2-fluoro-2,2-dinitroethyl)formal  or  (FEFO),  isopro- 
pv Initiate  (IPN)  and  1 ,6-diazido-2-acetoxyhexane  (DA).  According  to 
the  classic  model,  a  shock  wave  initiation  of  chemical  reaction  in  the 
homogeneous  HE  occurs  through  volumetric  heating  of  substance  un¬ 
der  compression,  and  the  macrokinetics  of  decomposition  obeys  Ar- 
renius  law,  thus  the  experimentally  determined  parameter  is  the  time  of 
delay  of  adiabatic  explosion.  The  experiments  on  determination  of  this 
parameter  with  the  help  of  an  optical  pyrometer  were  carried  out  in  the 
following  way:  the  initiating  shock  wave  (ISW)  enters  LE  from  liquid 
indicator  (in  the  present  work  these  are  bromoform  or  tetrachlor- 
methane)  with  the  known  Hugoniots  and  dependences  of  radiation  in¬ 
tensity  on  pressure.  To  prevent  LE  and  indicator  mixing,  the  polypro¬ 
pylene  film  of  20  microns  thickness  was  located  between  them.  It  was 
expected  that  first  the  radiation  of  SW  front  in  the  indicator  would  be 
registered,  then  radiation  of  the  indicator  in  a  wave  reflected  from  LE 
and,  finally,  LE  own  radiation  would  be  registered.  It  was  supposed 
that  LE  would  remain  transparent  up  to  the  moment  of  sharp  intensifi¬ 
cation  of  chemical  reaction.  The  results  with  IPN  and  DA  have  shown 
the  close  tendencies  in  behavior  of  these  explosives  under  ISW.  They 
are  something  different  from  the  classic  model.  The  profiles  of  bright¬ 
ness  temperature  allow  allocating  area  of  a  supervelocity  detonation, 
which  temperature  for  IPN  and  DA  can  be  estimated  as  1800  K  (with 
ISW  pressure  8.0  GPa)  and  2050  K  (with  13,1  GPa)  respectively.  At 
the  same  time,  further  we  observed  the  rather  delayed  site  of  over¬ 
driven  detonation  formation.  For  IPN  it  was  determined,  that  even  in¬ 
significant  decrease  of  ISW  pressure  may  result  in  spreading  of  super¬ 
velocity  detonation  zone.  Increase  of  ISW  pressure  up  to  9,8  GPa  re¬ 
sults  in  disappearance  of  area  of  gradual  radiation  increase  (including 
area  of  supervelocity  detonation),  instead  of  it  there  is  an  increase  of 
radiation  up  the  moment  of  formation  of  a  quasi-steady  detonation. 
The  change  of  radiation  character  for  this  LE  allows  receiving  only  ap¬ 
proximate  time  delays  in  adiabatic  explosion.  For  IPN  at  a  pressure  of 
8.0  GPa  the  measured  time  delay  is  measured  to  be  0,1  +  0,15  ps,  at  9,8 
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GPa  the  initiation  was  practically  without  delay.  For  DA  at  13,1  GPa 
the  delay  is  about  0,25  ps.  Initiation  of  chemical  reaction  in  FEFO 
does  not  correspond  to  the  model  of  thermal  explosion  even  approxi¬ 
mately.  The  brightness  temperature  profiles  of  radiation  emitted  from 
indicators  and  FEFO  at  various  intensities  of  ISW  are  shown  in  figure 
enclosed.  After  ISW  entering  into  FEFO  (in  figure  it  is  marked  by  an 
arrow)  at  first  the  plateau  is  observed.  Its  duration  decreases  with 
growth  of  ISW  pressure.  Then  the  decrease  of  radiation  and  further 
rise  is  registered.  The  estimations  show  that  temperature  of  shock 
compression  FEFO  with  ISW  pressure  14,7  GPa  does  not  exceed  1200 
K.  Extrapolation  of  temperature  time  history  at  the  minimal  ISW  pres¬ 
sure  on  the  moment  of  an  SW  entering  in  a  liquid  does  not  give  values 
less  1400  K.  It  can  indicate  that  own  radiation  immediately  appears  in 
FEFO.  At  pressure  higher  than  10.1  GPa  the  experimental  records  do 
not  give  the  qualitative  changes  of  radiation  intensity  that  could  be  ex¬ 
pected  due  to  the  difference  of  compressibility  of  indicator  and  FEFO. 
The  rate  of  radiation  increase  with  changing  of  pressure  in  the  range  of 
12-15  GPa  practically  does  not  vary,  and  at  the  same  time  it  is  mach 
more  than  the  rate  of  growth  fixed  at  pressure  10.1  GPa.  Possibly, 
changes  in  the  mechanism  of  initiation  occur  in  the  range  of  10  -  12 
GPa,  i.e.  in  macrokinetics  of  observable  processes. 

Thus,  the  experiments  have  shown,  that  the  macrokinetics  of 
process  a  shock  wave  initiation  in  real  LE  differs  from  the  simplified 
classical  model.  Specific  features  of  chemical  reactions  development, 
caused  by  differences  in  molecular  structure  of  explosives,  require  a 
new  theoretical  model  for  the  description  of  decomposition  a  homoge¬ 
neous  HE  with  a  shock  wave  compression. 

The  work  was  supported  by  Russian  Foundation  for  Basic  Re¬ 
search  (Grant  M?97-03-32000a). 
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APPLICATION  OF  A  FAST  OPTICAL  PYROMETER  TO 
STUDY  THE  SHOCK-TO-DETONATION  TRANSITION  IN 

NITROMETHANE 

B.  Leal,  H.N.  Presles*,  G.Baudin,  B.A.Khasainov0 

DG A/Centre  d’ Etudes  de  Gramat,  Gramat,  *ENSMA/Laboratoire  de  Com¬ 
bustion  et  de  Detonique,  Futuroscope,  France,  O Institute  of  Chemical 
Physics,  Moscow,  Russia 

The  mechanism  by  which  detonation  of  a  homogeneous  high  ex¬ 
plosive  (HE),  especially  nitromethane  (NM),  is  initiated  has  for  40 
years  been  the  subject  of  numerous  experimental  and  theoretical  stud¬ 
ies,  i.e.  [1,2].  The  classical  homogeneous  model  [1]  assumes  an  adia¬ 
batic  thermal  explosion  at  HE/driver  interface  which  results  in  forma¬ 
tion  of  a  superdetonation  wave  propagating  in  a  compressed  medium. 
If  the  thickness  of  the  explosive  is  sufficient,  the  superdetonation  over¬ 
takes  the  leading  shock  wave  and  then  decays  to  the  steady  quasi-CJ 
detonation  wave.  Campbell  et  al  [2]  and  numerous  subsequent  studies 
produced  considerable  support  for  this  homogeneous  model.  However, 
a  number  of  obscure  points  persist  concerning  superdetonation  build¬ 
up  (how,  where  and  when  does  it  occur?). 

For  these  reasons  we  started  an  experimental  study  of  the  shock- 
to-detonation  transition  (SDT)  in  NM  using  a  pyrometer  operating  in 
6  wave  lengths  (500,  650,  850,  1 100,  1270  and  1510  nm)  and  covering  a 
wide  range  of  temperature  (1500-6000  K)  with  a  3-ns  rise  time.  Com¬ 
plementary  data,  required  to  interpret  the  temperature  signals  and  get 
a  better  understanding  of  the  phenomena  governing  the  initiation  of 
NM,  are  obtained  from  three  other  non-intrusive  techniques  such  as  (i) 
Fabry-Perot  interferometer  for  recording  the  transfer  plate  velocity  his¬ 
tory  during  initiation,  (ii)  polarization  monitoring  and  (iii)  piezo¬ 
electric  pins  located  at  measured  depths  in  the  explosive.  The  pins  and 
capacitor  placements  were  chosen  in  order  not  to  disturb  the  region  of 
one-dimensional  strain  monitored  by  the  pyrometer  and  the  Fabry- 
Perot  interferometer.  The  NM  (with  a  1 . 1 34  g/cm3  density  and  spectro¬ 
scopic  purity  >99%)  was  initiated  using  an  1 1-m  long,  98-mm  diameter 
smooth  bore  single  stage  powder  gun  capable  of  accelerating  projectile 
to  velocities  up  to  2400  m/s.  In  order  to  guarantee  a  simultaneous 
shock  build-up  process  at  the  NM  interface,  experimental  set-up  is 
adjusted  so  that  tilts  are  better  than  2  mrad. 
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Here  we  focus  mainly  on  the  dependence  of  the  SDT  on  the 
roughness  of  the  barrier  plate/NM  interface.  The  figure  displays  two 
records  of  the  luminance  temperature  (A=850  nm)  of  NM  subjected  to 
a  shock  pressure  of  10  GPa  at  two  values  of  the  roughness  (Ra)  of  the 
barrier  (0.01  and  1.6  pm).  The  time  U  is  identified  with  the  induction 
delay  (the  superscript  1  or  6  refers  to  the  experiment  number)  and  at 
time  tj  the  superdetonation  overtakes  the  leading  shock  front.  These 
signals  are  consistent  with  the  classical  homogeneous  initiation  model 
[1]  except  for  the  first  part  during  which  their  should  be  no  radiation. 
On  the  contrary  and  particularly  in  the  case  of  larger  Ra,  a  radiation  is 
emitted  very  quickly  just  after  the  passage  of  the  shock  front.  This  ra¬ 
diation  could  be  due  to  local  hot  spots  [2].  In  the  considered  range  of 
interface  roughness  these  events  do  not  seem  to  affect  greatly  the  fol¬ 
lowing  transition  to  detonation,  however  that  could  be  not  the  case 
with  larger  roughness  [2].  So,  pyrometer  records  of  very  early  radia¬ 
tions  during  SDT  demonstrate  local  heterogeneous  behaviour  of  NM 
in  SDT  process. 

1.  Chaiken  R.F.  "The  kinetic  theory  of  detonation  of  high  explosives".  M.S. 

Thesis.  Polytechnic  Inst,  of  Brooklyn,  1957. 

2.  Campbell  A.W.,  Davis  W.C.,  Travis  J.R.  Physics  of  Fluids  (1961),  4,  498- 

510. 
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STRUCTURE  OF  THE  DETONATION  WAVE  IN  TNT 
V.K.  Ashayev,  G.S.  Doronin 

Institute  of  Machine-Building,  Dzerzhinsk,  Russia 

The  curves  of  shock  wave  damping  in  plexiglass  targets  loaded 
with  TNT  charges  of  different  length  are  investigated  by  the  technique 
of  laser  measurement  of  wave  velocities  (LMWV)  [1].  The  structure  of 
the  detonation  wave  and  the  parameters  of  steady  detonation  are  de¬ 
termined  for  pressed  charges  with  the  density  of  1 .58  g/cm3. 

The  intersection  possibility  of  the  shock  Hugoniot  of  the  initial 
explosive  in  P-V  coordinates  and  the  detonation  Hugoniot  of  the  ex¬ 
plosion  products  is  shown  analytically.  The  structure  of  the  overshoot 
wave  in  TNT  above  the  intersection  point  of  the  shock  Hugoniot  of  the 
explosive  and  the  explosive  products  is  investigated  by  the  LMWV 
method.  The  overshooting  was  provided  by  loading  with  aluminum 
firing  pin  having  the  flight  velocity  of  4.7  km/s. 

It  is  stated  that  in  this  case  on  the  P-U  curve  the  parameters  of  the 
shock-wave  front  in  TNT  correspond  to  the  parameters  in  the  intersec¬ 
tion  point  of  aluminum  retardation  curve  with  shock  Hugoniot  of  the 
explosion  products,  but  not  with  the  shock  Hugoniot  of  TNT.  It  is 
verified  by  direct  measurements  of  the  overshoot  velocity. 

1 .  L.V.  Altshuler,  V.K.  Ashayev,  G.S.  Doronin,  A.D.  Levin,  O.N.  Miro¬ 
nov,  A.S.  Obukhov.  Collection  "The  Third  All-Union  Simposium  on 
Pulse  Pressures".  The  report  theses.  Moscow,  1979,  p.9. 

MATTER  DETONATION  UNDER  EXTERNAL 
INTERFERENCE  -  GENERALIZED  CONCEPT  OF  SHOCK 
AND  DETONATION  PHYSICS 

V.I.Tarzhanov 

Russian  Federal  Nuclear  Center  -  VNIITF,  Chelyabinsk-70,  Russia 

The  Hugoniot  of  the  explosive  gas  detonation  products  by  the  ad¬ 
ditional  energy  introduction  into  the  detonation  front  or  its  with- 
drowal  from  the  front  is  written  and  analyzed: 
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where 


V  k  + 1  2 q  25  P_  _ 

F0  k  1  />0*o  Po  Fo  A, 

dimensionless  parameters; 
and  K  -  initial  and  final  specific  volumes  of  gas;  p,  p()  and  s,  so  - 
pressure  and  internal  energy  behind  and  before  the  front;  q  -  specific 
chemical  energy  release;  S  -  power  density  of  external  energy  adding 

into  front  (withdrowal  from  the  front). 

It  is  shown  that  this  equation  describes  all  self-supporting  and 
sustained  from  outside  stationary  detonations  and  shock  compression 
regimes: 

-  chemical  detonation  in  Jouget,  super-and  undercompression 

regimes  by  Q  —  0 . oo; 

-  superheated  detonation  in  Jouget,  super— and  undercompres¬ 
sion  regimes  by  Q  =  O....00; 

-  cooled  detonation  in  Jouget.  super-and  undercompression  re¬ 
gimes; 

-  light  detonation  in  inert  matter  in  the  same  three  regimes; 

-  shock  wave  compression  of  a  chemically  inert  matter. 

The  curve  of  the  Jouget  states  for  matter  in  the  enumerated  proc¬ 
esses  is  found: 

^  (2P- 1)^  +  1 

The  boundaries  of  the  cooled  detonation  existence  arear  are  de¬ 
termined. 

ON  TNT  COMBUSTION  UNDER  SHOCK  COMPRESSION 

CONDITIONS 

V.  M.  BeFskii,  R.  A,  Ibragimov 

Russian  Federal  Nuclear  Center-  VNIIEF,  Arzamas-1 6,  Russia 

When  developing  kinetic  models  of  high-explosives  (HE)  decom¬ 
position  behind  the  front  of  shock  waves,  ifis  commonly  supposed  that 
excitation  of  chemical  reaction  of  explosive  transition  occurs  following 
nucleation  mechanism,  and  its  extehsion  over  the  whole  HE  volume 
takes  place  in  the  form  of  layer-by-layer  combustion.  That  is  why  de¬ 
pendence  of  linear  combustion  velocity  on  pressure  having  the  simplest 
form  U=BP»  is  obviously  included  in  the  mathematical  formulation  of 
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the  kinetic  law.  It  is  evident  that  for  successful  mathematical  modeling 
of  the  detonation  regime  formation  process  it  is  necessary  to  know 
their  numerical  values  with  sufficient  accuracy  and  precisely  under 
conditions  of  shock  compression. 

This  paper  presents  some  results  obtained  by  study  of  TNT  com¬ 
bustion  regularities  under  shock  compression  conditions.  It  is  demon¬ 
strated  that  TNT  has,  at  least,  2  areas  with  different  values  of  con¬ 
stants,  namely,  2,6  <P<  12,5  and  P>  12,5  GPa  in  the  pressure  range 
2,6  <  P  <  20  GPa.  The  values  are  not  changed  inside  of  each  area.  In¬ 
formation,  needed  for  analysis,  is  obtained  by  experiments  on  initia¬ 
tion  of  pressed  TNT  by  pulse  with  short  duration.  Analysis  of  experi¬ 
mental  results  is  performed  with  use  of  the  theory  of  nonstationary 
combustion. 

MECHANISMES  OF  INITIATION  CONFINED  EXPLOSIVE 
CHARGES  SUBJECTED  TO  FRAGMENT  IMPACT 

A.Pyryev,  V.S.SoIoviev 

Moscow  State  Technical  University,  Moscow,  Russia 

Fragment  impact  is  exposed  to  shock-wave,  temperature  and  mechanical 
stimuli  on  confined  explosive  charges.  These  initiating  factors  depends  on 
loading  conditions,  charge  arrangement,  explosive  and  fragment  characteris¬ 
tics.  He  explains  variety  of  answerback  reactions  charge,  basic  of  which  are: 
inert  behaviour,  stationary  burning,  transitive  nonstationary  modes 
(explosion)  and  detonation. 

Shock-wave  initiation  of  detonation  is  ttfe  most  investigated.  Ex¬ 
plosion  and  burning  realized  only  at  perforation  of  case.  Fragment 
velocity  is  lower  than  that  shock-wave  initiation  threshold.  Fragment 
impact  studies  are  based  on  a  deflagration  to  detonation  transition 
phenomenon.  Therefore  it  is  important  to  investigate  perforation  case 
of  explosive  and  ignition  mechanisms  of  explosive  by  penetrating 
fragment. 

The  x-t  diagram  of  perforation  and  penetration  process  of  an 
plug  is  constructed  on  the  basis  of  theoretical  estimations.  Different 
perforation  mechanisms  of  case  by  thickness  of  4-15  mm  were 
marked  in  the  tests  with  steel  spherical  fragments  of  weight  4-15  g 
and  the  velocity  500-1900  m  sT  In  particular,  fragment  punches  a 
fuse  and  original  ring  element  will  be  formed.  Destruction  of  a 
fragment  at  perforation  is  played  the  large  role  in  perforation  and 
ignition  mechanisms  of  explosive. 
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By  results  of  tests  in  coordinates  “the  fragment  velocity  -  thickness 
of  a  steel  case”  is  constructed  the  diagram  for  determination  of  answer¬ 
back  reactions  (no  perforation,  perforation  and  no  reaction,  hydro¬ 
shock,  local  explosion,  explosion,  detonation)  of  composition  TG40/60 
to  impact  of  steel  fragment  of  weight  8  g.  The  boundary  for  the  explo¬ 
sion/no  response  regime  is  the  ballistic  limit  of  the  case  material  thick¬ 
ness  of  6-15  mm.  Decreasing  of  the  case  material  thickness  from  5  to  4 
mm  lead  to  transition  from  explosion  to  local  explosion. 

Probable  transmitting  (ignition  from  fragment)  and  dissipative 
(macroscopic  shear  deformation,  shear  band  in  explosive  et  al.) 
mechanisms  of  ignition  explosive  due  to  the  penetration  process  driven 
and  motionless  of  a  fragment  are  resulted  and  classified. 

DECOMPOSITION  OF  SHIELDED  HE  CHARGES  AT 
NEAR  TRANSONIC  REGIME  OF  ELONGATED 
IMP  ACTOR 

S.G.Andreev,  G.A.Prudensky 

Moscow  State  Technical  University,  Moscow 

Test  data  on  jet  action  of  micro  shaped  charge  (SC)  on  high  ex¬ 
plosive  (HE)  charges,  which  either  were  placed  in  strong  closed  shells, 
or  had  free  cylindrical  surface,  but  were  necessarily  shielded  on  the  side 
of  SC  action,  are  presented.  In  a  number  of  experiments  HE  were 
shielded  also  on  the  side  of  jet  outcome  from  a  charge.  Micro  SC  of 
mass  of  0.8  g  had  copper  liner  with  mass  of  0.3  g  and  base  diameter  of 
12  mm  and  were  located  at  a  distance  of  30  mm  from  the  front  (facial) 
steel  shields  of  thickness  from  2  to  10  jet  diameter.  Charges  of  mass 
from  5  to  50  g  were  made  from  pressed  sensitized  RDX,  sensitized 
RDX,  sensitized  RDX  with  20  %  additive  of  aluminum  powder, 
pressed  TNT,  molten  TNT  (with  a  various  structure)  were  studied.  The 
values  of  the  product  of  jet  velocity  square  by  its  diameter  didn't  reach 
a  criterion  value,  needed  to  initiate  the  detonation  in  studied  HE  di¬ 
rectly,  and  low-order  explosive  processes  localized  to  a  various  extent 
were  initiated  in  a  HE  charge.  The  velocity  of  jet  penetration  was  less 
than  sound  velocity  in  HE.  This  feature  in  addition  to  the  influence  of 
a  facial  shield  results  in  a  pressure  impulse  form,  differed  from  the  con¬ 
ventional  shock -wave  (SW)  impulse  in  a  considerable  time  of  pressure 
rise  up  to  maximum  at  HE  particles,  at  which  a  chemical  reaction  took 
place  then. 
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When  analyzing  the  results,  analytical  estimations  of  pressure  dis¬ 
tribution  and  deformation  rates  in  jet  region  (supplemented  by  the  re¬ 
sults  of  numerical  modeling  with  the  help  of  the  V.  Kolpakov's  compu¬ 
tation  complex  “KOLDUN”)  and  the  data  obtained  by  experimental 
method  of  post-effects  in  thin  test  layers  (TL)  are  used.  In  this  method 
HE  TL  from  1  to  5  mm  thick  are  placed  in  a  block  of  shields  and  plates 
of  "inert  physical-mechanical  substitute  of  EM"  made  of  fluoroplast 
and  pressed  salt  with  paraffin.  TL  were  placed  both  in  contact  with 
shields,  and  at  different  distances  from  them.  Post-effects  were  fixed  at 
hardening  of  compound,  melted  in  jet  cavity,  and  were  analyzed  with 
the  help  of  various  sections  of  samples. 

From  the  analysis  a  number  of  features  were  revealed  in  particu¬ 
lar.  At  a  lack  of  influence  of  a  HE  layer,  adjoined  to  the  upper  shield,  a 
shaped  charge  jet  (SCJ)  doesn't  produce  any  considerably  (more  then 
tenth  of  cavity  diameter)  self-propagating  reaction.  The  reason  of  that 
is  the  presence  of  a  cavity  in  the  region  of  short  pressure  impulse  with  a 
fuzzy  shock  front  in  the  region  of  SCJ  head.  A  considerable  HE  de¬ 
composition  in  the  cavity  region  is  observed  only  under  the  influence  of 
reaction  products  flow  from  the  upper  shield  to  the  cavity  bottom.  As 
the  result  of  this  flow  the  volume  of  decomposition  zone  in  HE  charges 
with  open  free  surface  reached  values  from  20  to  50  cavity  volumes  in 
chemically  passive  medium. 

Products  of  the  charge  reaction  from  this  volume  look  and  smell 
like  products  of  "low-temperature"  (T<500  K)  thermal  decomposition 
and  possess  low  expressed  blasting  action. 

The  HE  reaction  in  layers,  adjoined  to  the  facial  shield,  depends 
on  original  charge  microstructure  like  the  decomposition  of  HE  with 
nonhomogeneous  structure  in  weak  shock  waves.  It  is  explained  by  the 
fact,  that  fuzziness  of  the  fore  shock  front  of  pressure  impulse  in  this 
charge  layers  was  insufficient  for  the  considerable  appearance  of  the  ef¬ 
fect  of  shock  wave  HE  desensitizing. 

In  HE  layers  outlying  from  the  facial  shield  the  mechanism  of  in¬ 
fluence  of  original  charge  structure  is  apparently  different.  There  the 
fuzziness  of  the  fore  front  of  pressure  impulse  is  essentially  bigger,  than 
near  the  shield,  and  results  in  the  shock -wave  HE  desensitizing  (the  de¬ 
crease  of  decomposition  spot  concentration).  Therefore  the  original 
charge  structure  influences  already  the  late  stage  of  decomposition  on 
account  of  its  definition  of  charge  damage  degree  in  divergent  flow  be¬ 
hind  the  wave  front  near  the  cavity.  The  damage  of  charge  structure 
makes  easy  the  development  of  convection  mechanism  of  HE  decom¬ 
position  around  the  cavity.  In  addition  damaged  structure  appears  to 
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be  more  sensible  to  an  action  of  tail  parts  of  imperfectly  straight  SCJ, 
which  can  interact  with  cavity  sides. 

The  reflection  of  SCJ  and  a  jet  of  reaction  products  flowing  along 
the  cavity  from  the  back  shield  increases  considerably  the  volume  of 
decomposed  HE  and  enhances  blasting  and  explosive  action  of  HE 
charge.  Mainly  this  enhancement  is  also  connected  with  the  develop¬ 
ment  of  charge  structure  damage  and  convection  mechanism  of  HE  de¬ 
composition. 

Experiments  provide  the  base  to  suppose,  that  near  the  facial 
shield  in  the  region  of  a  cavity  surface  under  deformation  conditions  at 
pressure  of  -  10  GPa  and  velocity  of  ~106  1/s  during  ~lps  chemical  re¬ 
action  of  fluoroplast,  resulting  in  products  formation  of  black  color, 
takes  place. 

LAUNCHING  OF  PLATES  BY  PRODUCTS  OF 
OVERCOMPRESSED  DETONATION  OF  EXPLOSIVE 
CHARGE  WITH  DECREASING  DENSITY 

V.M.Belskii,  E.E.Lin,  E.N.Pashchenko,  B.P.Tikhomirov, 

I.P.Khabarov 

Russian  Federal  Nuclear  Center-  VNIIEF,  Arzamas- 1 6,  Russia 

With  use  of  the  method  of  comparison  of  steel  plates  flight  ener¬ 
gies.  accelerated  by  explosion  products  of  charges  with  variable  and 
uniform  (maximum)  densities  under  similar  conditions,  possibility  is 
investigated  to  increase  the  coefficient  of  energy  take-off  from  HE 
charge  by  contouring  its  density. 

Charge  of  explosive  and  the  launched  plate  in  one  type  of  experi¬ 
ments  were  enclosed  in  massive  cylindrical  casing  with  wall  thickness  of 
25  mm,  in  the  other  type  of  experiments  they  had  no  casing.  The  x-t- 
diagram  of  plate  motion,  accelerated  by  explosion  products,  was  di¬ 
rectly  determined  in  experiment  with  help  of  8  electrical  contacts  of  the 
pin  type.  Time  intervals  were  measured  with  error  of  ±  20  ns. 

The  law  of  density  decrease  in  charge  was  specified  as  [1,2] 

where  5=0;  0.2;  1,  po  -  initial  density  in  section  x=0,  L  -  tentative 
length,  where  p  turns  into  zero. 

The  energy  take-off  coefficient  increase  for  charges  with  5=0.2, 
placed  in  heavy  steel  shell,  is  tabulated  in  the  table. 
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Value  of  the  energy  take-off  coefficient  (r|)  of  steel  plate  from  HE 
charge,  placed  in  casing. 


D 

m 

h/hd=o 

1 

0.2 

1.15 

1 

1 

0 

1 

0.2 

0.3 

1.10 

1 

0.3 

1 

0 

Wg^m 

I 

0.2 

BH 

1.05 

1 

0.2 

It  is  testified  that  curves  of  calculations  for  integrals  of  kinetic  en¬ 
ergy  of  overcompressed  detonation  products  flow  correspond  to  ex¬ 
perimental  values  of  kinetic  energy  of  plates. 

FOCUSING  CONDITIONS  AT  THROWING  METAL 
SHELLS  OF  VARIABLE  THICKNESS  BY  DETONATION 
PRODUCTS  OF  CONDENSED  EXPLOSIVES 

Y.P.  Samarin,  N.I.  Sytchev 

Samara  State  Technical  University ,  Samara,  Russia 

An  approximate  model  of  high-speed  throwing  of  convex  metal 
shells  which  are  throwing  by  a  layer  of  the  explosive  of  variable  thick¬ 
ness  at  arbitrary  disposition  of  the  initiation  point  on  the  explosive  sur¬ 
face  is  suggested  on  the  basis  of  theoretical  and  experimental  data. 

The  first  stage  of  the  model  consist  of  the  calculation  of  field  ve¬ 
locity  on  the  middle  surface  of  the  shell.  This  calculation  takes  into  ac¬ 
count  the  angle  between  the  detonation  wave  front  and  the  shell,  non- 
simultaneous  loading  of  different  shell  elements  depending  on  the  ini¬ 
tiation  point  (delay),  and  also  on  the  density  and  thickness  of  the  shell 
and  the  explosive  layer. 

An  important  special  case  of  throwing  and  deformation  of  axially 
symmetric  shell  with  initiation  point  on  the  symmetry  axis  of  explosive 
charge  is  discussed  further  in  detail. 

Necessary  cinematic-geometrical  conditions  at  which  large  defor¬ 
mations  of  shell  are  completed  by  the  formation  of  high  speed  compact 
metal  mass  have  been  formulated. 

These  condition  are: 
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a)  the  mode  of  metal  flow  in  tangent  plane  to  the  deformed  sur¬ 
face  of  the  shell, 

b)  the  focusing  condition  of  shell  metal  into  the  central  part  of  the 
forming  body. 

The  presence  or  absence  of  cumulating  in  the  deformation  in 
regulated  by  special  inequalities  /I  /. 

Experimental  explosive  devices  are  worked  out  within  the  limits  of 
this  approach.  They  enable  to  fulfill  throwing  of  the  shells  with  the 
mass  up  to  10  kg;  in  this  case  the  mass  of  the  explosive  was  about  50  kg 
and  the  throwing  velocity  was  1600...  1800  m/s. 

1.  Y.P.Samarin,  N.I.Sytchev,  Radial  deformation  of  cylindrical  shell  under 
the  action  of  detonation  products,  International  Conference  SHOCK 
WAVES  IN  CONDENSED  MATTER,  St.  Petersburg,  Russia,  Septem¬ 
ber  2-6,  1996,  p.58. 

MODEL  OF  DIFFACTION  OF  DETONATION  WAVES  ON 
CORNER  BOUNDARIES  IN  THICK  HIGH  EXPLOSIVES 

I.F.Kobylkin,  O.P.Minin,  N.I.Nosenko,  V.S.Solovjev 

Moscow  State  Technical  University,  Moscow,  Russia 

Corner  boundary  rounding  of  detonation  waves  or  sudden 
changes  of  propagation  direction  is  accompanied  by  so  called  corner 
effect-occurrence  of  "dark"  zones  consisting  of  high  explosives  unreak- 
ted  either  completely  or  partially.  The  results  of  experimental  investiga¬ 
tion  and  numerical  modeling  diffraction  of  detonation  waves  on  corner 
boundaries  in  think  plate  plastic  HE  are  presented  in  this  paper. 

Configuration  and  size  of  "dark"  zones  have  been  determined  in 
the  50*100  mm  HE  charges  1.8. ..3  mm  thickness.  The  initiation  of  dif¬ 
fracting  wave  has  been  obtained  by  using  of  tape  charges  20  mm  wide. 
It  is  founded  that  account  must  be  taken  of  corner  effect  for  a  "dark" 
zone  depends  on  the  form  and  position  of  detonation  wave  moving  to 
corner  boundary.  It  is  defined  by  ultra-fast  raster  photoregistration, 
that  the  curvature  radius  of  the  detonation  front  decreases  along  the 
detonation  wave  and  has  a  minimum  at  the  boundary  of  the  dark  zone 
-  line  of  failure  of  detonation,  were  it  approximated  the  critical  curva¬ 
ture  radius  R_4cr_0  depending  of  HE  charges  thickness  and  detona¬ 
tion  ability.  The  method  of  experimental  determination  of  Rcr  de¬ 
scribed.  Based  on  the  test  data  generalized  model  of  diffraction  of 
detonation  waves  at  the  corner  boundary  has  been  developed. 
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1)  Every  element  of  the  diffracting  detonation  front  is  considered 
as  a  center  of  the  secondary  cylindrical  (spherical)  detonation  waves, 
their  velocity  are  determined  from  the  local  curvature  of  the  segment. 

2)  The  envelope  of  these  secondary  waves  is  the  detonation  front 
at  every  succeeding  instant,  if  its  curvature  exceeds  the  critical  one. 

3)  In  the  regions  were  envelop  curvature  is  less  than  the  critical 
value  is  no  detonation  in  them. 

The  base  of  the  model  is  an  equation  of  acceleration  of  detonation 
front  element  in  normal  direction.  Together  with  kinematic  surface 
conditions  and  geometrical  balance  conditions  in  differential  form  it 
consists  the  system  of  equations  in  private  derivatives.  This  system  de¬ 
scribes  evolution  of  leading  shock  of  detonation  wave  in  HE  charges. 
D(h)  relation  using  in  this  model  can  be  deduced  by  integrating  ordi¬ 
nary  differential  equation.  Its  coefficients  deduced  by  simple  1-D  try¬ 
ing  experiments.  In  at  any  case  D  (h)  depends  of  initial  chemical  de¬ 
struction  rate  and  boundary  conditions.  This  model  realized  in  2-D 
and  3-D  schemes  by  "wave  tracking"  method.  Numerical  modeling  of 
diffraction  of  angle  by  detonation  wave  and  founding  of  the  "shadow" 
zone  process  in  think  late  HE  charges  and  experimental  results  intro¬ 
duced.  Presented  model  allows  predicting  size  of  "shadow"  zone,  geo¬ 
metrical  parameters  of  detonation  front  and  distribution  of  detonation 
velocity  on  front  surface  at  any  time. 


89 


CUMULATIVE  JETS  IN  MICROCHANNELS  OF 
EXPLOSIVES 

A.L.Mikhailov,  V.A.Sudovtsov,  M.Yu.Tarakanov,  M.D.Tarasov, 

A.I.Tolsmyakov 

Russian  Federal  Nuclear  Center-VNIIEF,  Arzamas- 16,  Russia 

Gradient  optical  fibers  (OF)  are  used  in  the  work  to  measure  ve¬ 
locities  of  jet,  formed  in  microchannel  inside  plastic  high  explosive 
(PHE).  The  same  fibers  with  outside  diameter  of  0.125  mm  were  used 
to  perform  blind  holes  of  the  same  diameter  in  PHE  by  "pin".  The  hole 
depth  was  varied  from  0.5  mm  to  2  mm.  In  microchannels  air  was  at 
atmosphere  pressure.  Some  of  tests  were  carried  out  at  pressure  de¬ 
creased  to  103  Pa.  In  this  case  "pin"  of  PHE  was  carried  out  in  vacuum. 
PHE  was  a  mixture  of  fine-dispersed  powder  of  PETN  and  polyisobu¬ 
tylene.  The  moment  of  detonation  wave  arrival  at  free  surface,  which  is 
the  microhole  bottom,  was  determined  by  sharp  drop  of  light  intensity. 
PHE  consisted  of  layers  having  thickness  of  2  mm,  separated  with 
lavsan  film  having  thickness  of  5pm  between  each  other.  This  gave 
time  mark  of  detonation  wave  motion  inside  HE.  Special  tests  showed 
that  such  film  actually  gives  no  any  delays  in  detonation  propagation. 
The  moment  of  arrival  of  jet,  formed  in  microchannel,  at  the  OF  end 
was  determined  by  sharp  increase  of  luminescense  intensity. 

The  performed  tests  showed  that  in  vacuumed  channels  of  HE 
with  diameter  of  ~0.1  mm  and  length  of  0.5-2  mm  jets  are  formed  from 
explosion  products  or  nonreacted  HE,  moving  with  velocity  of  15.6 
km/s.  This  is  at  least  twice  more  than  velocity  of  normal  detonation. 
Jet  velocity  in  channels,  filled  with  air,  was  a  bit  lower.  Let  us  note  that 
light  brightness  reserves  were  insignificant  during  measurements.  This 
will  allow  in  future  carrying  out  researches  with  fibers  of  less  diameter 
(~I0pm)  and  to  approach  study  of  processes,  occurred  in  voids  and 
cracks,  formed  in  heterogeneous  HE  during  their  manufacturing  and 
handling. 
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3KCnEPHMEHTAJILHOE  H  HHCJIEHHOE  HCCJIEAO- 
BAHHE  B03EY5KAEHHJI  flETOHAUHH  B  OKTOrEH- 
COAEPHCAIIJHX  B3PEIBHATEIX 
BE1HECTBAX  * 

B.n.E(j)peMOB,  r.H.KaHeJii.,  B.E.Ooptob,  A.A.Eoran, 
B.B.BKyuieB,  A.B.Ytkhh,  .  l.Il.Ca.ioBini'niii.  Y.C.IOuikob, 
B.M.JIoSopeB,  B.Il.rpHraji,  BX-Hhctob 

HMU  THB  OHBTPAH,  HX&H  PAH,  01JIJT  " COK)3",  U<PTH  MO 

P0 

IIInpoKoe  Hcnojib30BaHne  oKToreHa  b  pa3AHAHbix  y CTp o h ctb ax  h 
TBepAbix  paxeTHbix  TonjiHBax  onpe^ejuieT  HHTepec  k  3KcnepHMeHTajibHbiM 
HCCJieflOBaHHJIM  H  HHCJieHHOMy  MOfleJIHpOBaHHK)  yCJIOBHH  B036y)K/ieHHfl 
AeTOHaUHH  B  TaKHX  COCTaBaX. 

B  HacTOfliuen  paboTe  Hccue^oBajiCH  (J>jierMaTH3HpoBaHHbiH 
npeccoBaHHbm  OKToreH  c  njioTHOCTbio  1 .77  r/cM3.  HarpyjKeHHe  HCCJieAyeMbix 
o6pa3uoB  npoH3BOAHJiocb  yaapoM  rmocKHX  ajiioMHHHeBbix  yAapHHKOB, 
pa3orHaHHbix  npoAyKTaMH  /jeTonauHH.  PerncTpauHfl  npo^mien  AaBAeHHfl 
ocymecTBJifljracb  c  noMombio  MaHraHHHOBbix  h  nB/J-flaTHHKOB 
pacnoJioweHHbix  b  pa3JiHHHbix  ceneHnax  nccjie^yeMbix  obpa3UOB. 
nojiyneHHbje  pe3yjibTaTbi  MO^ejiHpoBajiHCb  c  Hcnojib30BaHHeM  AayxMepHoro 
rHflpoAHHaMHHecKoro  KOAa.  IIpoBeAeHHbie  pacneTbi  w  hx  cpaBHeHHe  c 
3KCnepHMeHTaJTbHbIMH  aaHHbIMH  n03B0AHJIH  OnpefleUHTb  KOHCTaHTbl  B 
KHHeTHKe  3HeproBbiAejieHHfl.  TacTb  TecTHpyeMbix  o6pa3UOB  nepeA 
HarpyxceHneM  objiynaAH  HenpepbiBHbiM  g-H3JiyMeHneM  ao  A03  b  HHTepBajie  ot 
2-x  ao  25MpaA.  CTpyKTypa  o6pa3UOB  ao  h  nocjie  o6AyneHH5i 
aHaJIH3MpOBaJiaCb  C  Hn0JIb30BaHHeM  3JieKTpOHHOH  MHKpOCKOnMH. 
Ilojiy4eHHbie  AaHHbie  no  H3MeHeHHio  yAapHO-BOAHOBOH  qycTBHTeJibHOCTH  b 
pe3yAbTaTe  obAyweHHJi  cpaBHHBaioTCfl  c  pe3ynbTaTaMH  ncnbrraHHH  o6pa3UOB 
AHTbix  BB  ao  h  nocae  obAyneHHfl. 

(*  Experimental  and  Numerical  Study  of  Detonation  Initiation  in  HMX 
Based  Explosives,  V.P.Efremov,  G.I.Kanel,  V.E.Fortov,  A.A.Bogach*, 
V.V.Yakushev*,  A. V. Utkin*,  D.N.Sadovnichy**,  E.S.Ushkov**, 
V.M.Loborev0,  P.V.Grigal0,  Y.G.Chistov0  High  Energy  Density 
Research  Center,  Moscow;  *  Institute  of  Chemical  Physics, 
Chernogolovka;  **Federal  Center  of  Double  Technologies,  Moscow; 
°  Central  Institute  of  Physics  and  Technology,  Sergiev  Posad,  Russia) 
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O  PA3J105KEHHH  IIOPHCTOrO  TEKCOrEHA  B 
LUHPOKOfl  OBJIACTH  YflAPHO-BOJIHOBblX 
B03flEflCTBHfl* 

K.K.UlBeaoB 

Hucmumym  npoSne.M  xtmmecKou  (jjusuxu,  HepnozonoeKa,  Poccun 

K  HacTOHmeMy  BpeMeHH  nojiyneHO  MHoro  AaHHbix,  ^aiomHx  Bec- 
Kne  A0Ka3aTejibCTBa  xenjiOBOH  npupoAbi  XHMHnecKoro  pa3Jio>KeHHH 
B3pbiBHaTbix  Beiu,ecTB  (BB)  B  y/j,apHbix  w  /i,eTOHau,HOHHbix  BOJiHax. 
O^HaKO  He  HCHO,  B  KaKOH  Mepe  KHHeTHHeCKHe  3aKOHOMepHOCTH  xep- 
MHHeCKOrO  pa3JTO>KeHH5!  BB  npH  HOpMajlbHOM  AaBJieHHH  H  pa3BHTbie 
Ha  hx  ocHOBe  npe^CTaBJieHHH  mo>kho  nepeHOCHTb  Ha  ycnoBHJi  y/tapHO- 
BOJiHOBoro  Harpy>KeHHH.  fljia  oTBeTa  Ha  3tot  Bonpoc  npeACTaBJiaioT 
HHTepec  AaHHbie  o  pa3jio>KeHHH,  nojiyHeHHbie  Ha  oahom  h  tom  >xe 
o6beKTe  B  LLIHpOKOM  £Hana30He  ^HHaMHMeCKHX  AaBJieHHH. 

B  pa6oTe  o6o6meHbi  pe3yjibTaTbi  HCCJie^oBaHHH  pa3Jio>KeHHH 
nopHCToro  reKcoreHa  (ruiOTHOCTb  3apaAa  1.0  t/cm3)  pa3JiHHHon  AHC- 
nepcHOCTH  b  o6iiacTH  /jHHaMHHecKHX  ^aBJieHHH  ot  1  no  20  rila.  ITo- 
Ka3aHO,  hto  npH  hh3khx  AaBJieHHJix  y^apHOH  BOJiHbi  (1-2  Tlla)  BpeMa 
pa3Jio>KeHHH,  onpeAeneHHoe  no  ra30AHHaMHHecKOMy  3<j)<j)eKTy  TopMO- 
>KeHHR  rpaHHObi  pa3^e;ra  HHepT-BB,  cymecTBeHHO  3aBHCHT  ot  aMnnn- 
Ty^bi  h  pa3MepoB  nacTHi;  BB.  npH  3tom  oho  MO^ceT  6biTb  onncaHO 
(])OpMaJIbHO  -  KHHeTHHeCKHMH  3aBHCHMOCTJIMH,  nO,fl,o6HbIMH  RJ191  Tep- 
MunecKoro  pa3Jio>KeHHJi  BB  npH  HOpMajlbHOM  ^aBJieHHH.  npn  yBenH- 
neHHH  aMnjTHTyAbi  y^apHOH  BOJiHbi  h  c>KaTHH  hcxo^hoto  BemecTBa  bo 
(|3pOHTe  JX O  nJlOTHOCTH  MOHOKpHCTaJlJia  (P»6,0  ma)  nponcxo^HT  Ka- 
HecTBennoe  h  KOJiHHecTBeHHoe  M3MeHeHne  3aK0H0MepH0CTen  pa3Jio- 
)KeHH«.  B  o6jiacTH  AaBJieHHH  Bbirne  6,0  ma  pa3Jio>KeHHe  BemecTBa 
nponcxoAHT  no  MexaHH3My  a,HHa6aTHHecKoro  TenjioBoro  B3pbiBa, 
BpeMH  peaKUHH,  onpe/tejieHHoe  no  ra30£HHaMHHecK0My  3(J)(j)eKTy  Top- 
MO>KeHHa  hjih  “xHMnnKy’'  b  cTaonoHapHOH  /leTOHaunn,  npaKranecKH 
He  3aBHCHT  OT  aMnJTHTyAbl  BOJiHbi,  HCXOAHbIX  pa3MepOB  HaCTHU  BB, 
HaJIHHHfl  H  CBOHCTB  HanOJIHHTeJIH. 

nojiyHeHHbie  pe3yjibTaTbi  odtHCHfliOTCfl  Ha  ocHOBe  npe^CTaBJie- 
hhh  o  TennoBOH  npnpo^e  BOcnjiaMeHeHna  h  pa3Jio>KeHHfl  reTeporeH- 
Hbix  BB  c  yneTOM  cnenn(j}HKH  y^apHO-BOJiHOBbix  B03AencTBHH. 

(*  On  Decomposition  of  Porous  RDX  with  a  Wide  Range  of  Shock  Wave  Impact, 
K.FC. Shvedov,  Institute  of  Chemical  Physics,  Chernogolovka,  Russia) 
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K  Bonpocy  O  BJIHHHHH  HJIOTHOCTH  HA 
nEPEXOflHBIE  nPOIJECCM  nPH  YflAPHO- 
BOJIHOBOM  HHHIJHHPOBAHHH  * 

C.A.KojiAyHOB 

MHcmumym  npod'neM  xuMimecKou  (pu3UKU,  HepmaonosKCi,  Poccum 

MHoroHHCJieHHbie  AaHHbie  cb h  AOTeab  ctb y iot ,  hto  npHcyTCTBHe 
nop  (nopncTOCTb)  OKa3biBaeT  cymecTBeHHoe  BJiHHHne  na  pe3yjibTaT 
YAapHO-BOJiHOBoro  B03AencTBHH.  Han6ojiee  HaraaAHO  sto  npoaBaa- 
eTCfl  bo  BJinaHHH  Ha  HyBCTBHTejibHOCTb  k  yAapHbiM  BOJiHaM  Hanaiib- 
hoh  njiOTHOCTH  nopouiKoo6pa3Hbix  3HepreTHnecKHX  MaTepwaaoB.  B 
HaCTHOCTH,  B  CTaHAapTHbIX  HCnblTaHHHX  Ha  HyBCTBHTeJlbHOCTb  no 
cxeMe  “aKTHBHbin  3ap«A  -  HHepTHaa  nperpa^a  -  naccHBHbiH 
(ncnbiTbiBaeMbin)  3apaA”  npeAeabHbie  ToaujHHbi  nperpaAbi,  KOTopbie 
eme  o6ecneHHBaK>T  B036y>KAeHHe  AeTOHaijHH  b  naccHBHOM  3apaAe, 
Bceraia  6oabiue  npH  HacbinHon  njiOTHOCTH.  BbinojiHeHHbie  paHee  aB- 
TopoM  HccneAOBaHHa  3BOJHOAHH  b  nepexoAHOH  o6nacTH  npo^Haa 
MaccoBon  ckopocth  HHHLjHHpyioiijHx  yAapHbix  bojih  (HYB)  noKa3ajin, 
hto  MMeeT  MecTO  onpeAeneHHoe  otjthhhc  Taioxe  h  b  xapaKTepe  pa3BH- 
thh  3HeproBbiAeaeHH5i  3a  (J)poHTOM  YB  b  3ap«Aax  HacbinHOH  naoTHo- 
cth  h  b  naoTHbix  npeccoBaHHbix.  B  nocaeAHHx  MaKCHMyM  3HeproBbi- 
AeaeHHa  AOcrnraeTca  Ha  HeKOTopoM  yaaaeHHH  ot  yAapHoro  (J)poHTa 
(nepexoAHbin  npofjwab  c  “rop6oM”).  B  to  BpeMH  KaK  b  HacbinHbix  3a- 
pHAax  3HeproBbiAeaeHHe  npoTeKaeT  Bcer^a  6oaee  hhtchchbho  Heno- 
cpeACTBeHHo  3a  (j)poHTOM  HYB  (nepexoAHbin  npo<j)Hab  cna^aioinHn). 
OneBHAHO,  AoaweH  cymecTBOBaTb  HeKOTopbifi  ypOBeHb  no  naoTHOCTH 
(po*),  AOCTH>KeHHe  KOTOpOTO  npHBOAHT  K  H3MeHeHHK)  B  pOKHMe  3Hep- 
roBbiAeaeHHJi  3a  (Jdpohtom  YB.  B  pa6oTe  npeAnpHHHTa  nonbiTKa  no- 
ayHHTb  3KcnepHMeHTaabHbie  AOKa3aTeabCTBa  BbiCKa3aHHbiM  coo6pa- 
>KeHHaM.  flaa  stoh  qean  Hcnonb30BajiHCb  3apaAbi  H3  MoaoToro  Tpo- 
raaa,  naoTHOCTb  KOTOpbix  oxBaTbmaaa  Anana30H  It/cm3  <  po  <  1,59 
t/cm3.  06pa3Abi  HarpyacaaHCb  ot  B3pbiBHbix  reHepaTOpOB  YB,  koto- 
pbie  o6ecneHHBaaH  cooTBeTCTByiomne  yAapHo-BoaHOBbie  bo3achct- 
bhh,  MaKCHMaabHO  npn6an>KeHHbie  k  npeAeabHbiM  A-aa  pa3BHTHa  Ae- 
TOHaAHH. 

,ZJaHHbie  06  H3MeHeHHH  hcxoahoto  (6aH3Koro  k  TpeyroabHOMy) 
npo^naa  MaccoBon  ckopocth  HYB  noayneHbi  Ha  HanaabHOH  ctbahh 
pacnpocTpaHeHHH  YB  b  HccaeAyeMbix  3apaAax,  KOTOpaa  xapaKTepH3y- 
eTca  nocToaHCTBOM  (caa6biM  n3MeHeHneM)  napaMeTpoB  (j)poHTa. 
Hmchho  Ha  3toh  cTaAHH  nepexoAHoro  nponecca  Aoa)KHbi  npoaBaaTb- 


93 


ca  otjihhhh  b  xapaKTepe  sbojiiol^hh  npo<j)HJia  HYB  b  3aBHCHMOCTn  ot 
nnoTHocTH  nopouiKOo6pa3Horo  3apa^a.  /Ijih  HCCJieAyeMbix  3apH,ztOB 
TpoTHJia  6bino  ycTaHOBJieHO,  hto  ypoBeHb  njiOTHOCTeH  1,4  1,41  r/c\i3 

oTBenaeT  TeM  rpaHHHHbiM  3HaneHHflM  po*,  HH>Ke  KOTOpbix  yaapHaa 
BOjiHa  b  npou;ecce  pa3BHTHH  b  ^.eTOHauHOHHyio  coxpaHaeT  cna/jaio- 
m hh  npO(J)HJTb.  B  TO  BpeMH  KaK  npH  nJIOTHOCTH  He  HH)Ke  1,41  r/CM3 
CTa^HH  ycKopeHHfl  YB  Bcer^a  npe^mecTByeT  (JjopMHpoBaHHe  nepe- 
xo^hoto  npo(j)HJia  c  “ropboM”.  HHTepecHO  OTMeraTb,  hto  HaH/teH- 
HblM  3HaHeHHHM  po*  OTBeHaeT  ypOBeHb  nopHCTOCTH,  HH>Ke  KOToporo 

HanHHaioT  npeo6jia,aaTb  3aKpbiTbie  nopbi. 

npeACTaBJiaeTCH,  hto  flaHHbie  no  po*,  onpeAeneHHbie  jum  pa3- 
jiHHHbix  BemecTB,  no3BOJiHT  6onee  o6ocHOBaHHO  cy,o,nTb  o  MexaHH3Me 
npoueccoB,  BeuymHX  k  o6pa30BaHHio  h  pa3BHTHio  onaroB  npeBpame- 
hhh  (ropHHHX  tohck)  npw  yuapHOM  c>KaTHH  nopoiiiKOo6pa3Hbix  cpeA- 
Bonee  KOHKpeTHblH  CMbICJT  B  nOHHMaHHH  H  MO/jeJIHpOBaHHH  TaKHX 
npoueccoB  uoJDKHbi  npHo6pecTH  b  stoh  cba3H  ^aHHbie  o  xapaKTepe  h 
ypoBne  nopHCTOCTH,  pa3Mepe  3epHa,  cbohctb  co6ctbchho  BeiuecTBa  h 
t./i,-  3th  Bonpocbi,  a  TaK>Ke  Bonpocbi,  3aTparHBaiomHe  bjihahhc  Ha- 
najibHOH  njiOTHOCTH  Ha  npe,nejibi  B036y>K,n,eHHH  h  pacnpocTpaHeHHH 
^eTOHanHH,  npe^JiaraiOTca  k  oScyweHHio. 

(*  To  the  Density  Effect  on  Transition  Shock  Initiation  Processes, 
S.A. Koldunov,  Institute  of  Chemical  Physics,  Chernogolovka,  Russia) 

INFLUENCE  OF  SOLID  CARBON  PHASE  TRANSITIONS 
ON  DETONATION  PARAMETERS  OF  HIGH 
EXPLOSIVES:  ANOMALOUS  MODE  OF  DETONATION 

S.B.Victorov,  S.A.Gubin 

Moscow  State  Engineering  Physics  Institute  (Technical  University),  Russia 

Condensed  carbon  presents  in  detonation  products  of  many  high 
explosives  (HE).  Its  principal  phase  states  are  graphite,  diamond  and 
liquid.  Carbon  phase  state  in  detonation  products  depends  on  their 
temperature  and  pressure  and  affects  to  detonation  parameters  of  ex¬ 
plosives  because  distinct  carbon  phases  have  different  thermodynamic 
properties.  Therefore,  knowledge  of  carbon  phase  state  in  detonation 
products  is  important  for  accurate  prediction  of  HE  detonation  char¬ 
acteristics. 
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We  have  researched  the  detonation  properties  of  carbon-rich  TNT 
and  carbon-poor  RDX  to  show  how  changes  of  carbon  phase  state  in 
detonation  products  influence  HE  detonation  parameters. 

Besides  different  carbon  content  several  other  factors  motivate  the 
study  of  these  two  explosives.  There  are  a  lot  of  precise  experimental 
data  on  detonation  parameters  of  TNT  and  RDX.  Hence,  it  is  possible 
to  compare  calculated  detonation  parameters  with  experimental  ones. 
Both  explosives  have  breaks  in  their  experimental  dependencies  of 
detonation  pressure  and  velocity  on  initial  charge  density.  These  breaks 
seem  to  be  result  of  phase  transitions  in  the  detonation  products.  Thus, 
the  choice  of  TNT  and  RDX  for  studying  effects  of  carbon  phase  tran¬ 
sitions  on  HE  detonation  behavior  is  quite  justified. 

A  new  computer  code  (TDS)  has  been  developed  to  carry  out 
multi-phase  equilibrium  calculations  of  HE  detonation.  The  TDS  code 
allows  to  determine  all  local  minima  of  thermodynamic  potentials  of 
detonation  products  and  to  find  the  only  point  of  the  HE  Hugoniot 
which  corresponds  to  the  real  state  of  products  behind  the  detonation 
wave. 

The  Hugoniots  of  TNT  and  RDX  were  carefully  researched  by 
means  of  the  TDS  code.  The  size  and  structure  effects  of  graphite  and 
diamond  crystals  were  taken  into  account.  New  equations  of  state  were 
used  for  graphite  and  diamond  to  describe  thermodynamic  properties 
of  solid  carbon  phases  more  accurately. 

Previous  theoretical  investigations  of  TNT  detonation  associate  a 
break  in  the  detonation  velocity  D  vs  po  slope  at  initial  charge  density 
po  =  1.55  g/cm3  with  the  graphite  to  diamond  transition  and  assume 
that  both  phases  of  solid  carbon  (i.e.  graphite  and  diamond)  are  pres¬ 
ent  in  the  TNT  detonation  products  at  po  >  1.55  g/cm3. 

Our  researches  confirm  that  this  break  in  the  D  vs  po  slope  is  really 
caused  by  the  graphite  to  diamond  transition  but  the  assumption  about 
graphite-diamond  coexistence  in  the  detonation  products  was  found  to 
be  quite  incorrect. 

In  fact,  coexistence  of  both  the  graphite  and  diamond  phases  of 
solid  carbon  in  detonation  products  of  the  considered  explosives  is  im¬ 
possible  at  any  po.  Depending  on  po.  the  condensed  detonation  prod¬ 
ucts  consist  of  either  graphite  (at  po  <  1.55  g/cm3)  or  diamond  (at  po  > 
1.55  g/cm3).  Both  explosives  have  a  range  of  po  (1.55  <  po  <  1.65  g/cm3 
for  TNT  and  1.55  <  po  <  1.6  g/cm3  for  RDX)  where  their  detonation 
occurs  in  an  anomalous  mode:  the  CJ  condition  of  equality  between 
sound  velocity  and  velocity  of  detonation  products  is  not  satisfied  but 
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the  detonation  is  stable.  Our  calculation  predicts  sharp  increase  of 
temperature  and  pressure  of  the  detonation  products  and  break  in  the 
D  vs  po  slope  at  the  beginning  of  “anomalous  region”  of  po  (i.e.  at  po  = 
1.55  g/cnv  for  both  considered  explosives).  The  calculated  detonation 
properties  of  TNT  and  RDX  fit  available  experimental  data. 

The  anomalous  mode  of  detonation  exists  due  to  the  following 
difference  between  graphite  and  diamond  thermodynamic  properties: 
at  the  same  temperature  and  pressure  entropy  of  diamond  always  ap¬ 
pears  less  than  entropy  of  graphite.  At  some  HE  initial  densities  this 
feature  of  carbon  thermodynamics  causes  solid  carbon  to  change  its 
phase  state  in  the  detonation  products  (graphite  to  diamond  transition 
occurs)  and  results  in  appearance  of  the  anomalous  detonation. 

We  have  shown  why  the  anomalous  mode  of  detonation  is  stable 
in  spite  of  the  CJ  condition  failure. 

The  anomalous  detonation  seems  to  be  “the  rule  rather  than  the 
exception”  even  for  explosives  containing  relatively  small  amounts  of 
carbon.  We  expect  that  many  high  explosives  have  a  range  of  initial 
charge  densities  where  their  detonation  occurs  in  the  anomalous  mode. 

HyBCTBHTEJIBHOCTb  KOHBEPTHPYEMBIX 
EAJIJIHCTHTHBIX  IIOPOXOB  K  Y^APHOH  BOJIHE  * 

O.A.  HcaeBa,  A.H.AtJjaHacemcoB1,  B.B.  TajiKWH 

HMM  IJemnp  "KA  CTJ1";  1  Mncmumyrn  ximmecicou  (jni3UKu, 
xiepH0?.0Jl06KCl,  P OCCUR 

B  nocae^Hee  /jecaTHaexne  b  cbjdh  c  KOHBepcnen  pa/ta  oTpacaen 
o6opoHHoii  npMbimaeHHOCTM  BbicBo6o>KAaeTca  3HaHHTeabHoe  Koan- 
necTBO  6aaaucTUTHbix  nopoxoB  (apraaaepHHCKHx,  paKeTHbix).  Oth- 
MaabHbiu  nyTb  hx  yTnaH3auHH  -  3to  Hcnoab30BaHue  hx  bo  B3pbiBHOM 
aeae  b  KanecTBe  bo^octohkhx  BB  nan  KaK  KOMnoHeHTOB  HOBbix  npo- 
MbimaeHHbix  BB.  IIocKoabKy  nopoxa  OTHOcaTca  k  MeTaTeabHbiM  co- 
CTaBaM,  to  ucnoab30BaHHe  hx  b  KauaeTBe  BB  npeaonpe/teaaeT  Bce- 
CTOpOHuee  myneHne  hx  AeTOHauuoHHbix  h  B3pbiBHaTbix  xapaKTepn- 
cthk.  uyBCTBHTeabHOCTH  k  cpe/tcTBaM  HHHUHupoBaHHH.  .ZJaa  TOTO, 
MTobbi  B3opBaTb  3apa/t  6aaaHCTHTHoro  nopoxa,  Ha^o  HMeTb  /tocTa- 
tohho  Haae>KHbiH  HHHuuaTop  (boeBHK),  Bbi6op  KOToporo  o6aernaeT- 
ca,  ecau  H3BecTHa  HyBCTBHTeabHOCTb  nopoxa  k  y^apHOH  BoaHe.  3tomv 
Bonpocy  h  nocBameHa  paboTa  aBTopoB. 

Hccae^oBaaocb  HecKoabKO  bhuob  6aaanCTHTHbix  nopoxoB  b 
cnaoumoM  cocToaHHH.  OnbiTbi  no  onpejteaeHHio  HyBCTBHTeabHOCTH 
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nopoxa  k  yiiapHOH  boahc,  KOTopaa  xapaKTepH30Banacb  kphthhcckhm 
AaBAeHHeM  HHHUHHpytoineH  y^apHOH  boahm  (  Pkp  ),  npOBOAHAHCb  no 
n3BecTHon  cxeMe:  aKTHBHbin  3apHA  -  HHepraaa  nperpa^a  -  3apaA  no¬ 
poxa.  B  KanecTBe  aKTMBHbix  ncnoAb30BaAH  3apaAbi  TpoxHJia  pa3Hon 
njiOTHOCTn,  b  KanecTBe  nperpaAbi  -  MeAHaa  nuacTHHa  toaiuhhoh  5  mm, 
Bee  AnaMeTpOM  40  mm.  HcnoAb3ya  3aBHCHMOCTb  AaBJieHna  yAapHOH 
BOJiHbi  Ha  BbixoAe  H3  nperpaAbi  ot  miOTHOCTH  3apaAOB  TpOTHjia  h 
yAapnyio  aAwaSaTy  nopoxa,  KOTopaa  Ana  Bcex  nopoxoB  3anncbiBa- 
jiacb  b  BHAe  eAHHon  o6o6meHHOH  saBHCHMocra  D=1,73+2*U- 
0,1  *U2/1 .73  (KM/ceK),  obiAH  onpeAeneHbi  BeAHHHHbi  Pkp  Ana  6-th  6aA- 
iiHCTHTHbix  nopoxoB  (AnaMeTp  3apaAa  40  mm).  BeAHHHHa  ero  KOAe6- 
jieTca  ot  5,8  Hla  Ana  nopoxa  PCT-4K  ao  8,6  ITIa  Ana  nopoxa  HB-40. 
TaKHM  o6pa30M,  SanAHCTHTHbie  nopoxa  hmciot  HyBCTBHTeAbHOCTb  k 
VAapHon  BOJiHe  MeHbuiyio,  neM  npeccoBaHHbie  6pH3aHTHbie  BB,  ho 
SojibuiyK),  neM  >KHAKHe  BB.  fljia  nopoxoB  HB-40  h  PCT-4K  onpeAe- 
jieHbi  3aBHCHMOCTH  PKp  ot  AnaMeTpa  3apaAa.  C  poctom  AnaMeTpa  3a- 
paAa  BeAHHHHa  Pnp  yMeHbiuaeTca. 

*  Sensitivity  of  Gun  Powder  to  Shock  Wave  Action ,  O.A.Isaeva, 
A.N.Afanasenkov*,  V.V.Galkin  ("Kastl"  Research  Center,  Moscow;  institute  of 
Chemical  Physics,  Chernogolovka,  Russia) 

KPHTHHECKHE  flHAMETPbl  flETOHAU,HH 
PACTBOPOB  B3PBIBHATBIX  BEIHECTB 

Bocko6ohhhkob  H.  M,  *flyuieHOK  C.  A.,  *Kotomhh  A.  A. 

MHcmumym  xuMimecKoii  (pu3UKu  PAH ,  Mockbci, 

CKTE  “TexHOJio?.”,  C.  -  I7emep6yp?. 

McCAeAOBaHHe  H3MeHCHHH  KpHTHHeCKHX  AHaMeTpOB  AeTOHaUHH 
>khakhx  B3pbiBHaTbix  BeiuecTB  npH  pa36aBACHHH  pa3HbIMH  pacTBopn- 
TenaMH  noMHMO  peuieHHa  HeKOTOpbix  npaKTHnecKHx  3aAan,  CBA3aH- 
Hbix  c  xpaHeHHeM  h  TpaHcnopTHpoBKOH  npOAyKTOB.  oSeutaeT  noAyne- 
HHe  AOnOAHHTeAbHbIX  CBeAeHHH  0  MaKpOKHHeTHKe  npeBpauteHHH  B 
AeTOHanHOHHOH  BOAHe.  H3-3a  OAHOpOAHOCTH  )KHAKOCTH 
(HCKAIOHaKDTCa  H3  paCCMOTpeHHA  HH3KOCKOpOCTHbie  pe>KHMbI  AeTO¬ 
HaUHH,  AAa  pacnpocTpaHeHHa  KOTOpbix  cymecTBeHHO  o6pa30BaHHe  h 
cxAonbiBaHne  KaBHTaunoHHbix  noAocTen,  B03HHKaioiUHX  na  ctaahh 
HHHUHHpOBaHHa  h  AP-)  npeBpameHHa  3a  yAapHbiM  ^POhtom  AeTOHa- 
UHOHHOH  BOAHbl  npOTCKaiOT  B  4>OpMe  aAHa6aTHHeCKOTO  B3pbIBa,  Bpe- 
MeHa  pa3BHTHA  KOToporo  onpeAeAaiOTca  pa3orpeBaMH  b  oSteMe  Be- 
LUecTBa  ao  1500.. .2000  K.  B  pa6oTe  o6i>eKTaMH  HCCAeAOBaHHa  Bbi6pa- 
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Hbl  paCTBOpbl  0HC(j)T0pAHHHTp03THAC|)0pMaAA  CH 2( OCH 2C ( N02) 2F ) 2 
(AaAee  0300),  HHTpoMeTaHa  CH3N02,  H3onponnAHHTpaTa 
CH3CH(ONO CH3  (HIIH),  TAHuepHHTpHHHTpaTa 

CH2(0N02)  CH(0N02)  CH2(0N02)  (HTH),  1 ,6-Ana3HAO-2- 

aueTOKcnreKcaHa  N3CH2CH(OCOCH3)CH2OCH2CH2N3  (Ana3HA).  w 
nponHJieHrjiHKOJib^HHMTpaTa  CH2 ( ON  02)  CH2CH2 ( ON02)  (nr^H). 
a  Taiotce  pacTBopoB  0300  c  3TaH0Ji0M,  aueTOHOM,  a H6yTHA(j)TaAa- 

TOM  H  UHKJIOreKCaHOJIOM. 

KpHTHHCCKHe  AHaMeTpbl  ACTOHaUHH  d(  paCTBOpOB  B  TOHKOCTeH- 
HblX  6yMa>KHbIX  060A0HKaX,  nOKpbITbIX  H3HyTpH  nOJlM3THJieHOM,  6bl- 
jiM  onpeAejieHbi  b  o6menpHHATOH  aaa  TaKHX  H3MepeHHH  nocTaHOBKe. 
^ajiee  6biJin  paccnHTaHbi  TeMnepaTypbi  BemecTBa  Ha  y^apHOM  (JjpoHTe 
AeTOHaHHOHHOH  BOJIHbl  7},  COOTBCTCTByiOlUHe  3KCnepHMeHTaJlbHbIM 
3HaneHHAM  CKOpOCTeH  AeTOHaUHH  pacTBopoB.  06Hapy)KeHO,  HTO 
6jih3khm  3HaneHHHM  dc  pacTBopoB  0300  h  HrU[  c  HHTpoMeTaHOM,  a 
TaK>Ke  pacTBopoB  0300  c  HIIH  h  Iir/IH  c  HHTpoMeTaHOM  OTBena- 
fot  6jiH3KHe  paccHHTaHHbie  3HaHeHHa  7).  TeM  >Ke  BeAHHHHaM  d,  pac- 
TBOpOB  0300  C  AHa3HA0M,  a  TaK>Ke  3TaHOAOM,  An6yTHJl(|)TaJiaT0M, 
aueTOHOM  H  UHKJIOreKCaHOJIOM  COOTBeTCTByiOT  HeCKOJlbKO  60JlblHHe 
TeMnepaTypbi  7},  KOTopbie  aaa  stoh  rpynnbi  xoporno  corAacvioTCA 
mokav  co6oh.  To  ecTb,  BeAymefi  cTaAnen  npoTeKaHHH  peaKUHH  3a 
(jjpOHTOM  BOJIHbl  B  paCTBOpaX  0300  C  HHTpOMeTaHOM  H  HIIH  CKO- 
pen  Bcero  ABAaeTca  pa3Jio>KeHHe  nocneAHnx  (pa3Jio>KeHHe  HHTpoMeTa¬ 
Ha  npH  BbICOKHX  AaBJieHHHX  npOHCXOAHT  B  aUH(j)OpMe  C  KHHeTHKOH 
6AH3KOH  K  KHHeTHKe  pa3JI0>KeHHB  HHTpaTOB  CnHpTOB),  a  AAA  pacTBO- 
POB  0300  C  HeB3pbIBHaTbIMH  pa36aBHTeJIBMH  H  AHa3HA0M  BeAymaa 

cTaAHH  peaKUHH  cBA3aHa  c  pa3Jio>KeHHeM  0300. 

To.  hto  BeAymen  cTaAnen  npeBpameHHA  3a  yAapHbiM  (jjpOHTOM 
AeTOHaUHOHHOH  BOJIHbl  B  paCTBOpaX  0300  C  AHa3HA0M  ABAAeTC a 
pa3Jio>KeHHe  0300,  BbirAAAHT  BnojiHe  o>KHAaeMo.  npH  AOCTHraeMbix 
TeMnepaTypax  okojio  2000  K  paccHHTaHHbie  3aAep>KKH  aAna6aTHHe- 
ckoto  B3pbiBa  0300  npn  ncnojib30BaHHH  KHHeTHHecKHX  napaMeT- 
poB.  HanAeHHbix  aaa  ra30B0H  (|)a3bi,  noHTH  Ha  2  nopAAKa  MeHbiue  pac- 
CHHTaHHbix  3aAep>KeK  B3pbiBa  Ana3HAa.  HecKOAbKO  HeomiAaHHO  6o- 
aee  6bicTpoe  pa3no>KeHHe  b  AeTOHaUHOHHOH  BOAHe  pacTBopoB  c 
0300  HHTpaTOB  CnHpTOB  H  HHTpOMeTaHa,  nOCKOAbKy  paccHHTaHHbie 
npn  Tex  >Ke  TeMnepaTypax  3aAep>KKH  aAnadaraHecKoro  B3pbma 
0300  Ha  1...2  nopAAKa  MeHbiue  3aAep>KeK  B3pbiBa  HHTpaTOB  cnnp- 
TOB.  3tO  MO>KeT  6bITb  CBA3aH0  C  H3MeHeHHCM  npH  nepeXOAe  K  CTOAb 
BbicoKHM  TeMnepaTypaM  h  AaBAeHHA  KHHeTHHecKHX  napaMeTpoB, 
HanAeHHbix  aaa  ra30B0H  t|ja3bi  npn  TeMnepaTypax  400... 450  K.  Han- 
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6ojiee  BepoHTHbiM  npeACTaBJiaeTca  yMeHbiueHHe  BenHHHHbi  npeA3KC- 
noHeHTa  b  3aKOHe  AppeHHyca,  npnneM  jsyin  0300  3to  yMeHbiueHHe 
6yueT  Ha  1...2  nopaAKa  6ojibuiHM,  neM  a  jib  HHTpaTOB  cnnpTOB.  Han- 
AeHHbie  ajih  ra30B0H  (j)a3bi  3HaneHHa  aHeprnn  aKTHBaunn  mo- 
HOMOJieKVAJIpHOrO  pa3JI0)KeHHH  paCCMaTpHBaeMbIX  B3pbIBHaTbIX  Be- 
meCTB  (  0300,  HHTpaTOB  CriHpTOB)  BnOJIHe  COOTBeTCTByiOT  Ha6uiO- 
AaeMblM  H3MeHeHHHM  KpHTHHeCKHX  AHaMeTpOB  ACTOHaUHH  npH  pa3- 
6aBJieHHH  HX  HeB3pbIBHaTbIMH  KOMnOHeHTaMH. 

MaKpoKHHeTHKa  AecTpyKUHH  >khakhx  aueTOHa,  An6yTHA(jmuiaTa 
h  cnnpTOB  3a  (jipoHTaMH  y^apHbix  bojih  He  nccjieAOBajiacb,  ho  cyme- 
CTBeHHO,  hto  paccHHTaHHbie  TeMnepaTypbi  3a  y^apHbiMH  (J)poHTaMH 
AeTOHauHOHHOH  BOJiHbi  b  pacTBOpax  0300  Bbirne  TeMnepaTyp,  npn- 
BOAflmnx  k  AecTpyKijHH  HcnoJib30BaHHbix  pa36aBHTejien  3a  yAapHbiMH 
cj)pOHTaMH.  OcoSeHHO  3T0  OTHOCHTCH  K  yAapHO-BOAHOBOMy  C>KaTHK) 
aueTOHa  h  AH6yTHJKj3TauaTa,  hto  motjio  HaHTH  oTpa>KeHHe  b  MaKpo- 
KHHeTHKe  npeBpameHHH  3a  yAapHbiM  <j)p0HT0M  BOJiHbi  b  pacTBopax 
0300  b  LjenoM.  OAHaKO  nouyneHHbie  b  paSoTe  AaHHbie  06  H3MeHe- 
HHH  KpHTHHeCKHX  AHAMeTpOB  ACTOHaUHH  paCTBOpOB  0300  C  HHepT- 
HbiMH  pa36aBHTeAHMH  yAOBJieTBopHTeAbHO  o6t>5ichhk)tch  h  6e3  npeA- 
noJio>KeHHJi  o  6ouee  SbiCTpOM,  neM  0300,  pa3A0>KeHHH  aueTOHa  h 
AH6yTHJi(|)TajiaTa. 

KOAHHeCTBeHHbie  H3MeHeHHH  KpHTHHeCKHX  AnaMeTpOB  ACTOHa- 
UHH  paCTBOpOB  0300,  HHTpOMeTaHa  H  HHTpaTOB  cnnpTOB,  KaK  H  co- 
OTHOuieHHe  BeuHHHH  KpHTHHeCKHX  AnaMeTpOB  ACTOHaunn  6ojiee  Ae- 
caTKa  HHTpaTOB  cnnpTOB  pa3JiHHHoro  cocTaBa  yAaeTca  c  xopomen 
TOHHocTbio  npeABHAeTb  b  npeAnojio>KeHHH  nponopunoHajibHocTH  Be- 
jiHHHHbi  dc  npoH3BeAeHHio  ckopocth  AGTOHauHH  Ha  xapaKTepHoe  Bpe- 
mh  npeBpameHHa  3a  yAapHbiM  (JipoHTOM  BOAHbi. 

THERMAL  DECOMPOSITION  OF  ENERGETIC 
MATERIALS 

S.  Almada*,  J.  Campos  **  and  J.C.  Gois** 

Laboratory  of  Energetics  and  Detonic,  *  Naval  Explosives  Laboratory, 
Alfeite  -  2800  Almada 

*  *Mech.  Eng.  Depart.  -  Faculty  of  Sciences  and  Technology- 

Polo  II  -  University  of  Coimbra  -  3030  COIMBRA  -  PORTUGAL 

Knowing  the  thermal  behaviour  of  energetic  materials  is  crucial  to  a  safe 
production,  storage,  handling  or  even  demilitarisation.  The  studies  necessary 
to  quantify  the  thermal  decomposition  mechanisms  and  kinetic,  are  usually 
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complex  and  an  extrapolation  to  real  scale  could  not  be  acceptable.  To  obtain 
more  accuracy  and  because  many  energetic  materials  are  heterogeneous,  we 
need  to  made  tests  with  a  scale  higher  than  the  classic  methods  but  limited  be¬ 
cause  safety  and  costs. 

An  original  equipment  was  developed  based  in  a  burner  fed  with  a  mix¬ 
ture  of  propane/air  and  a  glass  column  above  which  the  sample,  up  to  500  mg, 
is  placed.  For  a  predetermined  heating  rate,  temperature  and  weight  variations 
were  measured  in  order  to  time.  With  this  equipment  it  was  possible  to  charac¬ 
terise  the  behaviour  after  thermal  initiation:  combustion  or  explosion  of  dif¬ 
ferent  energetic  materials.  This  has  been  useful  to  estimate  the  ignition  tem¬ 
perature  and  delay  and  the  kinetic  parameters. 

The  materials  selected  were,  for  being  typical  cases,  ammonium  nitrate 
(AN),  pentaerythritol  tetranitrate  (PETN),  hexogen  (RDX). 

The  developed  equipment  was  validated  with  the  matching  results  from 
classic  termogravimetric  analysis  (DSC  and  TGA),  with  the  kinetic  approach 
of  Coats  and  Redfern.  With  this  non-isothermal  method,  the  activation  energy 
and  pre-exponential  factor  were  2.10xl05  J  mob1  and  2.38x1 017  s_l  for  AN, 
1.16xl05  J  mol  and  1.17xl019  s*1  for  PETN  and  l.lOxlO5  J  mol  and 
4.95xl012  s-‘  for  RDX. 

In  spite  of  the  equipment  limitations  the  obtained  results  were  compared 
with  those  from  some  other  authors  and  seem  to  bee  very  concordant.  Hetero¬ 
geneous  energetic  materials  need  to  be  tested  for  each  lot,  so,  we  need  cheaper 
ways  to  do  it.  With  the  equipment  developed  in  the  present  work  it  will  be  pos¬ 
sible  to  study  those  energetic  materials,  with  lower  costs. 

SHOCK  SENSITIVITY  OF  A  NEW  PROPELLANT  FOR¬ 
MULATION  BASED  ON  PHASE  STABILIZED  AMMO¬ 
NIUM  NITRATE  (PSAN),  2-OXY-4,6-DINITRAMINE-S- 
TRIAZINE  (DNAM)  AND  HYDROXY  TERMINATED 
POLYBUTADIENE  (HTPB) 

P.  Simoes,  L.  Pedroso,  *1.  Plaksin,  *  J.  Ribeiro,  A.  Portugal  and 

*A.  Campos 

Lab.  of  Energetics  and  Detonics,  Chem.  Eng.  Dep.,  *Mech.  Eng.  Dep., 
Fac.  of  Sciences  and  Technology,  University  of  Coimbra, 

3030  COIMBRA,  Portugal 

Efforts  are  being  made  to  overcome  the  environmental  problems 
posed  by  the  classic  propellants  based  on  Ammonium  Perclorate  (AP). 
In  some  kind  of  applications,  the  possible  replacement  of  AP  by  Am¬ 
monium  Nitrate  or  its  Phase  Stabilised  forms  (PSAN)  is  matter  of  in¬ 
terest.  Besides  its  low  pollutant  characteristics,  PSAN  presents  low 
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cost,  good  chemical  stability,  and  low  energy  and  low  sensitivity  to 
shock.  However,  some  drawbacks  are  to  be  accounted,  being  the  low 
energy  and  low  reactivity  a  limiting  feature  of  PSAN  in  its  use  as  the 
unique  oxidiser  component  in  propellant  formulations. 

The  compound  2-oxy-4,6-dinitramine-s-triazine  (DNAM)  was  synthe¬ 
sised  and  characterised,  and  its  use  as  an  additive  in  PSAN/HTPB  based  pro¬ 
pellants  has  shown  good  potential  regarding  the  combustion  characteristics. 
As  far  as  possible,  an  increase  in  the  combustion  behaviour  should  be  attained 
without  expenses  in  the  sensitivity  to  shock  of  the  global  formulation.  Thus, 
the  knowledge  of  the  shock  sensitivity  is  of  prime  importance  when  a  new  pro¬ 
pellant  formulation  is  under  study. 

This  work  is  the  study  to  the  shock  sensitivity  of  propellant  based  on  a 
mixture  of  PSAN  and  DNAM  as  the  solid  oxidiser  load  and  HTPB  as  the 
binder  systems.  The  used  propellant  formulation  for  this  study  was  68  wt  % 
PSAN,  12%  DNAM  and  20%  HTPB.  The  PSAN  and  DNAM  have  respec¬ 
tively  a  medium  crystal  dimension  dso  =140  pm  and  dso  =  5  pm  .  The  propel¬ 
lant  density  is  1 .33  .10-’  kg/m3,  corresponding  to  90%  of  its  TMD. 

The  samples  of  the  propellants  with  the  dimensions  30  x  15  mm  were 
tested.  The  explosive  plane  wave  generators  were  used  for  the  shock  loading  of 
the  samples,  allowed  the  input  the  sustained  shock  waves  amplitude  of  I  to  10 
GPa,  and  with  1  -2  pm  of  duration  in  the  stationary  part  of  P(t).  The  proc¬ 
ess  of  shock  wave  propagation  into  the  samples  has  been  registrated  quasicon- 
tinuously,  through  each  200  pm,  by  thin  multifiber  optical  strip,  consisted  of 
80-90  independent  channels,  and  connected  directly  to  a  fast  electronic  streak 
camera  (Thompson  506  TSN). 

The  analysis  of  the  registrated  (x-t)  diagrams  of  shock  wave  propagation, 
into  the  samples,  allows  to  evaluated  the  non  reactive  or  reactive  behaviour, 
for  the  proposed  propellant.  The  obtained  results  show  the  new  propellant 
composition  as  an  essentially  less  sensitive  propellant  to  the  shock  loading,  by 
the  comparison  with  classic  propellants  based  on  AP. 
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OVERVIEW  AND  ANALYSIS  OF  NUMERICAL  DETONA¬ 
TION  MODELS 

V.Yu.Klimenko 

High  Pressure  Center ,  Institute  of  Chemical  Physics,  Moscow,  Russia 

Tremendous  progress  in  a  computer  technique  changes  qualita¬ 
tively  a  situation  in  shock  wave  science.  In  the  60-80  years  the  experi¬ 
ment  dominated  in  our  investigations.  However,  by  now  the  computer 
simulation  becomes  a  powerful  tool  in  the  study  of  shock  wave  phe¬ 
nomena.  The  numerical  experiment  (instead  of  the  real  physical  ex¬ 
periment)  gives  an  unique  possibility  to  discover  the  interior  deep 
mechanisms  of  explosion  processes  that  are  inaccessible  for  the  existing 
experimental  technique. 

For  example,  a  very  old  problem  of  the  pore  collapse  in  explosive 
under  shock  compression  and  the  creation  of  hot  spot.  It  is  a  very 
complex  process.  The  pore  is  very  small  (~  1  pm),  the  time  duration  of 
the  process  is  also  small  (~  0.1  ps)  and  the  explosive  is  opaque.  Clearly 
that  any  experiment  can  not  indicate  in  detail  this  process.  But,  the 
computer  simulation  [1]  has  permitted  to  discover  and  to  analyse  a 
phvsical  nature  of  the  pore  collapse  comprehensively.  Or  the  another 
example.  The  explosive  initiation  by  the  projectile  is  very  important  for 
practice.  But.  until  now  the  physical  mechanism  of  the  initiation  proc¬ 
ess  in  critical  conditions  has  not  been  studied.  Many  years  many  re¬ 
searchers  studied  this  process  both  experimentally  and  theoretically 
and  have  established  some  criterions  of  initiation,  but  the  interior 
physical  nature  has  not  been  determined.  Only  recently  the  careful  nu¬ 
merical  simulations  [2]  have  given  the  detailed  information  about  the 
mechanism  of  this  very  complex  process. 

However,  the  simulations  will  be  most  important  and  successful 
for  applied  developments,  for  design  of  new  engineering  systems. 

Thus,  by  2000-2002  years  we  shall  have  the  supercomputers  with 
performance  10-100  Teraflops.  It  means  that  at  last  we  receive  a  possi- 
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bility  to  simulate  physical  and  chemical  processes  in  explosives,  metals 
and  another  materials  with  great  resolution  (i.e.,  to  use  a  fine  numeri¬ 
cal  grid).  If,  for  example,  we  apply  the  adaptive  gridding  procedure 
with" mesh  size  from  0.01  mm  to  1  mm,  than  we  can  simulate  real  engi¬ 
neering  systems  (size  =  10-100  cm)  and  use  the  fine  zoning  (~  0.01  mm) 
for  most  important  computational  regions  (shock  fronts,  interfaces, 
large  gradients  in  some  physical  parameters). 

In  this  case  (the  mesh  size  ~  0.01  mm)  we  can  simulate  the  real 
reaction  zone  for  detonation  process  and  use  for  this  the  perfect 
physical  models  of  detonation  with  high  accuracy.  So,  it  is  not  nec¬ 
essary  to  apply  the  empirical  (not  physical,  but  mathematically  ap¬ 
proximated)  detonation  models  (for  example,  very  famous  WBL  [3] 
and  DSD  [4]  models)  for  such  calculations,  because  these  models 
have  low  accuracy  and  can  not  simulate  exactly  the  complex  deto¬ 
nation  processes  (for  example,  shock-to-detonation  transition  or 
two-step  shock  compression).  Before  preparation  of  the  physically 
perfect  model  it  is  necessary  to  analyse  the  existing  models  and  to 
outline  a  strategy  for  such  activity. 

Present  report  represents  overview  and  analysis  of  the  existing 
numerical  models  of  detonation  that  are  constructed  on  the  basis  of 
physical  processes  occurring  in  explosive  during  detonation. 

In  the  first  part  we  give  the  overview  of  the  physical  mechanisms 
that  have  been  discovered  by  now.  This  is  well  known  hot-spot  mecha¬ 
nism,  i.e..  the  collapse  of  pore  in  explosive,  the  viscoplastic  heating  of 
the  explosive  layer  around  the  pore  and  decomposition  of  this  heated 
explosive.  At  the  beginning  the  mechanism  was  studied  in  some  classi¬ 
cal  investigations  [5-7].  but  most  successful  and  comprehensive  consid¬ 
eration  is  given  in  the  work  [1]. 

We  also  discuss  the  frontal  mechanism  that  was  first  proposed  in 
1980  [8]  and  was  developed  in  the  next  papers  (for  example,  [9,10]).  The 
mechanism  has  two  stages:  intra-frontal  and  post-frontal.  The  intra- 
frontal  stage  proceeds  in  a  shock  wave  front  and  its  governing  process 
is  the  temperature  overheating.  Radicals  are  generated  at  this  stage.  At 
the  second  stage  they  start  up  a  some  set  of  consecutive-parallel  reac¬ 
tions  that  results  in  final  products  with  corresponding  energy  release. 

At  last  we  consider  the  dislocation  mechanism  [11].  High  rate 
plastic  deformation  of  explosive  goes  through  the  generation  and  mo¬ 
tion  of  dislocations.  The  mechanism  has  two  modes.  At  low  pressure 
moving  dislocations  create  overheated  microregions  and  these  heated 
spots  generate  hot  spots.  At  high  pressure  when  the  dislocations  have 
enough  large  velocity  they  generate  phonons  of  sufficient  energy  for 
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resonant  excitation  of  the  vibrational  modes  of  explosive  molecule. 
These  excited  molecules  decompose  and  activate  the  later  decomposi¬ 
tion  of  surrounding  explosive.  But,  it  is  possible  to  propose  some  new 
mode  for  dislocation  mechanism.  Under  dislocation  motion  two  mole¬ 
cules  in  the  core  of  dislocation  slip  one  through  other  at  small  distance 
and  create  conformational  conditions  for  bimolecular  reaction  which 
proceeds  during  this  slipping  contact. 

The  hot  spot,  frontal  and  dislocation  mechanisms  act  together, 
i.e.,  in  parallel  regime.  But,  the  hot  spot  mechanism  dominates  in  the 
low  pressure  region  and  the  frontal  mechanism  -  in  the  high  pressure 
region.  This  multiprocess  idea  was  first  proposed  in  1988  [12]. 

When  we  discuss  the  mechanism  of  detonation  we  must  take  into 
account  the  explosive  class.  From  the  point  of  detonation  mechanism  it 
is  possible  to  separate  the  standard  applied  explosives  (explosive  com¬ 
positions)  into  three  classes.  The  first  class  represents  explosives  pre¬ 
pared  by  pressing  without  any  binder.  As  usually  they  have  high  po¬ 
rosity  (5-10%).  The  second  class  is  the  explosives  pressed  with  binder 
(about  5  %).  They  have  low  porosity  (about  1%).  It  is  so  named  PBX 
explosives.  The  third  class  -  the  cast  explosives  with  big  fraction  of 
plastic  binder  (as  usually  20-30  wt  %  or  30-40  vol  %).  They  have  not 
any  porosity. 

The  second  class  of  explosives  is  a  kind  of  standard  for  develop¬ 
ment  of  detonation  models.  Here  the  hot  spots  mechanism  dominates 
at  low  and  middle  pressures  (P=20-150  kbar). 

The  frontal  mechanism  dominates  at  high  pressures  (P  >  150 
kbar).  At  very  low  pressures  (P  <  20  kbar)  only  the  dislocation  mecha¬ 
nism  can  provide  for  the  effective  decomposition  of  explosive. 

In  the  first  class  of  explosives  the  porosity  is  large  and  the  shock 
front  is  smoothed  in  the  most  part  of  explosive  volume.  The  more  po¬ 
rosity,  the  more  decreasing  the  action  of  the  frontal  mechanism  (i.e., 
the  more  small  part  of  explozive  is  treated  by  the  front).  So,  the  hot 
spots  mechanism  dominates  in  large  part  of  pressure  region. 

The  explosives  of  the  third  class  have  zero  porosity.  Pores  (of 
normal  size  that  can  reply  to  shock  compression)  are  absent  and  the 
hot  spots  mechanism  does  not  work.  Here  the  dislocation  mechanism 
dominates  at  low  and  middle  pressures.  At  high  pressures  the  frontal 
mechanism  intercepts  initiative. 

For  deep  understanding  of  physical  nature  of  the  detonation 
process  it  is  extremely  important  to  investigate  detonation  in  liquid  and 
melted  explosives.  Clearly  that  in  this  case  the  hot  spots  and  disloca¬ 
tion  mechanisms  do  not  work,  and  only  the  frontal  mechanism  acts. 
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However,  it  is  necessary  to  remember  that  the  frontal  mechanism  oper¬ 
ates  if  the  explosive  molecules  are  enough  large  and  therefore  the  fron¬ 
tal  effect  (i.e.,  the  temperature  overheating)  is  turned  on. 

For  liquid  explosives  with  small  molecules,  e.g.,  nitromethane,  we 
can  observe  creation  and  growth  of  hot  spots  at  low  pressures 
(F. Walker,  R.Wasley  -  1976,  A.Vorobiev,  V.Trofimov  -  1980)  .  These 
hot  spots  are  generated  at  microlevel  by  interaction  of  shock  wave 
front  with  the  fluctuations  of  density.  The  three-stages  mechanism 
(developed  on  the  basis  of  the  molecular  dynamics  simulations  [13])  de¬ 
scribes  this  process  in  details. 

In  the  second  part  of  the  present  report  we  give  overview  and 
analysis  of  the  most  famous  existing  numerical  models  of  detonation. 
In  the  beginning  we  consider  the  hot  spots  models:  the  Ignition  and 
Growth  model  [14,15],  the  Explicit  Hot  Spot  model  [16],  the  Kim's 
model  [17]  and  the  AMORC  model  [18].  Next  we  discuss  the  Multi¬ 
process  model  [9,10].  Finally  we  analyse  the  predictive  performance  of 
the  discussed  models  and  consider  the  possibilities  for  preparation  of 
the  physically  perfect  model  of  detonation. 
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NUMERICAL  SIMULATION  OF  TATB  DETONATION  BY 
A  SHORT  PRESSURE  PULSE  AT  THIN  PLATE  IMPACT 

V.G. Morozov,  I.I.Karpenko,  L.V.Dmitriyeva,  N.V.Korepova 

Russian  Federal  Nuclear  Center-VNIIEF ,  Arzamas- 16,  Russia 

Up  to  the  present  a  shock  wave  transition  to  a  detonation  wave 
has  been  studied  within  the  model  of  detonation  kinetics  [1,2]  for  quite 
long  effects  of  a  pressure  pulse.  The  shortest  pressure  pulse  effects  nu¬ 
merically  simulated  with  account  of  kinetics  are  TATB  explosive 
loading  bv  the  impact  of  steel  plates  two  millimeters  in  thickness  accel¬ 
erated  to  velocities  1 .9  -  2.4  mm/ps  [1]. 

The  problem  of  kinetics  model  use  for  more  short  pulses  seems 
very  interesting  and  important.  The  series  of  computations  on  numeri¬ 
cal  simulation  of  the  experiment  described  in  paper  [3]  has  been  con¬ 
ducted.  A  stationary  detonation  wave  forming  by  a  short  pulse  due  to 
TATB-based  HE  impact  on  a  flying  plate  made  of  mylar  0.051mm  - 
1.27  mm  thick  and  accelerated  to  high  velocities  3. 4-8. 2  km/sec  by  the 
electrical  explosion  of  aluminum  foils  has  been  studied  there.  Using 
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flying  plates  of  different  thickness  one  may  obtain  an  initiating  pulse  in 
a  wide  range  of  applied  pressures  and  durations.  The  data  we  used  for 
simulations  are  referred  to  a  TATB-based  HE  containing  7.5%  of  Kel- 
F  plasticizer  and  compressed  up  to  the  initial  density  1.90  g/cm3. 

Setting  of  computations  is  described  in  details  in  the  paper  which 
results  are  in  good  agreement  with  the  experiment. 

Delay  times  and  depths  of  detonation  occurrence  at  short  pulses, 
namely,  at  the  TATB-based  HE  impact  by  thin  films  (0.0051-0.127  cm) 
of  a  small  initial  density  1.2  g/cm3  accelerated  to  velocities  3.4-8.2 
km/sec  by  aluminum  foil  explosion  are  determined. 

Popolato  computational  diagrams  are  obtained.  Computations 
and  plots  given  in  the  paper  demonstrate  the  mode  of  transition  from 
damping  detonation  to  a  stationary  detonation  wave  forming  in  PBS 
at  short  pulses.  The  dependence  of  a  minimal  velocity  at  which  station¬ 
ary  detonation  is  initiated  on  a  flying  plate  thickness  is  found  compu¬ 
tationally.  Experimental  points  laid  quite  well  on  calculated  curves. 

Result  convergence  studies  are  conducted  and  optimal  conditions 
(spatial  step,  mass  relations  in  computational  cells  at  material  inter¬ 
faces)  for  the  given  class  problems  are  obtained. 

One  may  conclude  that  the  kinetics  model  [1,  2]  may  be  used 
without  adjustment  for  detonation  modeling  at  short  pulses. 
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THE  STEADY  SOLUTION  OF  A  REACTION  ZONE 
STRUCTURE  ON  THE  PLANE  DETONATION  WAVE 

Yu.A.Aminov,  N.S.Es’kov,  Yu.R.Nikitenko,  G.N.Rykovanov 

Russian  Federal  Nuclear  Center-VNIITF,  Chelyabinsk-70,  Russia 

The  comparative  analysis  of  applicability  of  various  decomposi¬ 
tion  models  for  the  description  of  reaction  zone  structure  is  presented. 
The  behavior  of  reacting  explosive  parameters  are  determined  by  a 
numerical  method  on  the  basis  of  solution  of  a  algebraic  equations  sys¬ 
tem  together  with  the  given  law  of  explosive  decomposition  and  equa¬ 
tion  of  state  for  a  initial  explosive  and  the  reaction  products.  The  alge¬ 
braic  equations  connecting  the  parameters  of  explosive  and  the  reac¬ 
tion  products  are  obtained  by  integration  of  a  gas  dynamics  differential 
equation  system.  The  plane  detonation  wave  in  heterogeneous  solid 
explosives  is  considered. 

Most  of  semiempirical  decomposition  models  were  calibrated  by 
means  of  experiments  with  non-steady  detonation  and  satisfactorily 
describe  processes  of  initiation  and  growth  of  detonation  under  shock 
loading  [1  -  4].  For  some  models  it  is  shown  that  calculated  space  pro¬ 
files  of  the  pressure  do  not  correspond  to  theoretical  concept  and  ex¬ 
perimental  data.  Used  experimental  profiles  are  determined  by  pho¬ 
toelectric  technique  [5]  based  on  the  recording  of  shock  front  radiation 
in  indicating  liquid.  Some  explosives  based  on  HMX,  RDX,  TNT  and 
TATB  are  considered. 
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FEATURES  OF  DETONATION  INITIATION  IN  GAP 

TESTS 

Yu.A.Aminov,  N.S.Es’kov,  O.V.Kostitsyn,  G.N.Rykovanov, 

M.A.Strizhenok 

Russian  Federal  Nuclear  Center-  VNIITF,  Chelyabinsk-70,  Russia 

Gap  tests  are  often  used  to  study  explosives  sensitivity  to  weak 
shock  waves.  The  experimental  setup  consists  of  an  active  charge,  a 
PMMA  barrier  and  a  passive  charge  made  of  the  studied  explosive. 
The  active  charge  is  point-initiated  at  the  center.  The  intensity  of  initi¬ 
ating  shock  wave  can  be  varied  by  varying  the  barrier  thickness.  The 
average  velocity  of  the  shock  or  detonation  wave  in  the  passive  charge 
is  determined  experimentally. 

Numerical  simulation  of  the  experiments  on  a  plastic  bonded 
TATB-based  explosive  (PBT)  revealed  that  at  the  barrier  thickness 
near  to  the  critical  quantity  the  region  where  the  detonation  start  has  a 
ring-shaped  form.  For  a  60  mm  diameter,  20  mm  thick  HMX-based 
active  charge  the  initial  diameter  of  this  region  was  found  to  be  about 
50  mm.  The  simulation  was  performed  using  the  two-dimensional 
MAX  code  [1]  and  the  one  stage  semiempirical  detonation  model  [2], 
based  on  the  hot  spot  hypothesis  and  having  a  small  number  of  pa¬ 
rameters.  The  basic  feature  of  the  model  is  the  smooth  transition  to  the 
Arrhenuis  kinetics  at  shock  pressures  above  a  critical  level.  Using  this 
model  a  number  of  experiments  on  detonation  initiation  of  PBT  by 
plane,  cylindrical  and  spherical  shock  waves  were  successfully  de¬ 
scribed. 

We  use  quality  reasons  to  explain  this  phenomenon.  The  detona¬ 
tion  initiation  is  determined  by  amplitude  and  duration  of  shock 
loading.  In  a  considered  case  the  normal  fall  of  shock  wave  at  barrier 
center  smoothly  passes  into  slipping  regime  in  a  distant  area.  At  some 
distance  from  an  axes  the  pressure  profile  of  shock  wave  entering  the 
barrier  becomes  less  sharp  and  its  weakening  by  a  barrier  decreases  due 
to  increasing  of  a  front  curvature.  Therefor  entering  PBT  shock  wave 
has  more  flat  pressure  profile  at  this  area  and  a  time  of  the  big  shock 
loading  is  increased.  At  some  barrier  thickness  the  amplitude  of  a 
shock  wave  can  appear  here  more  than  in  a  center  zone.  In  this  case  the 
PBT  decomposition  can  arise  here  even  if  it  do  not  be  in  a  center  zone. 

The  special  experiments  were  carried  out  for  studying  a  real  PBT 
decomposition  picture  in  such  systems.  The  facility  diameter  was  in¬ 
creased  up  to  120  mm  to  simplify  a  realization  of  phenomenon.  The  ac- 
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live  charge  thickness  was  Ha=20  mm.  Photochronograph  technique 
was  used  for  registration  of  the  output  time  of  a  detonation  wave  front 
on  a  free  PBT  back.  The  PMMA  thickness  was  selected  to  make  criti¬ 
cal  conditions  of  detonation  initiation.  At  a  PBT  sample  thickness 
Hpbt=60  mm  delay  of  a  detonation  wave  front  was  At~2  ps  in  the  cen¬ 
ter  of  back.  Thus,  the  experimental  confirmation  of  emergence  of  the 
ring-shaped  decomposition  location  in  considered  experiments  is  ob¬ 
tained  at  critical  conditions  on  detonation  excitation.  The  calculation 
results  by  MAX  for  HPBt=60  mm  are  in  agreement  with  experimental 

dc its 
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EQUATION  OF  STATE  OF  THE  HETEROGENEOUS  MIX¬ 
TURE  WITH  THE  UNREACTED  EXPLOSIVE  AND  ITS 
REACTION  PRODUCTS  IN  THE  REACTION  ZONE  OF 
THE  DETONATION  WAVE,  CRITERION  OF  DETONA¬ 
TION  FOR  THE  PLANE  GEOMETRY  AND  TRANSITION 
TO  DETONATION 

Y.W.Kuzmitskii 

Russian  Federal  Nuclear  Center  -  VNIIEF,  Arzamas  -  16,  Russia 

The  reaction  zone  matter  of  the  steady  wave  or  transition  to  deto¬ 
nation  is  a  heterogeneous  mixture  of  unreacted  explosive  (subscript 
‘V’)  and  its  reaction  products  (subscript  “2”  )  •  The  equation  of  state 
for  such  a  mixture  constructed  of  those  of  the  fraction  in  the  form: 

8(pi,Pl,P2,P2>F)=(l-F)*ei(Pl,Pl)+F*82(P2,P2)  (1) 
where  F  is  a  reacted  fraction  and  both  8] (pi, Pi),  £2(P2,P2)  are 
equations  of  state  of  unreacted  explosive  and  its  reaction  products,  ac¬ 
cordingly.  The  mixture  density  p  is  usually  found  as  a  sum  of  the  re¬ 
acted  and  unreacted  volumes: 

1/  p  =  (1-F)/  pi  +  F /  P2  (2) 

The  following  simplifications  relate  to  the  approximation  Pi  *  P2 
«  P,  that  is  justified  by  a  fine  heterogeneous  mixture  of  reacted  and  un¬ 
reacted  material,  so  that  their  pressures  is  approximately  equal  to  each 
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other  .  The  new  approximation  is  that  for  fractions  of  density  a  similar 
relation  takes  place  : 

pi  *  P2  *  P  (3) 

This  fact  must  be  clear  after  differentiation  with  respect  to  time  of 
equation  (2): 

(P2“Pl)*  SFIdt  =  {((P1*P2VP2)*  5p/9t  -  <P2 V i Pi)*  9p\/8i  - 
(PlVP2>*  3p2/9t}  (4) 

Any  changes  in  densities  of  all  of  the  unreacted  explosives,  their 
reacted  products  and  mixture  must  be  slower  than  the  reaction  rate 
dF/3t.  So,  we  have  equation  (3)  in  the  limit  dF/dt-»oo.  Thus,  the  equa¬ 
tion  of  state  of  the  heterogeneous  mixture  depends  on  three  quantities: 
s(p,P,F)=(l-F)*  8](p,P)  +F*  £2(p,P)  (5) 

Equation  (3)  was  validated  by  the  comparison  with  precision  self- 
similar  solution  for  the  steady  detonation  wave  structure  at  pi  *  p2  and 
the  approximate  solution  where  these  densities  are  equal,  as  in  equa¬ 
tion  (3).  The  departure  of  the  approximate  solution  curve  from  preci¬ 
sion  selfsimilar  one  versus  fraction  of  the  reacted  matter  at  F  =  0...0.8 
is  less  than  2%  and  at  the  final  stage  of  burn  will  be  greater  reaching  ~ 
15%  at  F  =  1.0.  The  total  influence  on  the  length  of  the  reaction  zone  is 
less  than  ~  4.9%. 

With  this  equation  of  state  for  mixture  the  problem  of  the  initia¬ 
tion  criterion  was  considered  for  detonation  with  a  plane  one- 
dimension  flow  in  the  heterogeneous  TATB  formulation.  The  initiation 
was  carried  out  using  thin  flyers  of  various  thicknesses  at  appropriate 
data  for  the  velocities.  A  “Juge  mobility  point”  and  a  “Critical  point” 
conception  was  proposed.  A  new  SHOCK  INITIATION  CRITE¬ 
RION  of  detonation  was  postulated  with  both  of  them  : 

After  the  initiating  shock  front  transition  to  detonation  the  Juge 
mobility  point  is  generated  at  critical  reaction  fraction  Fkr,  but  at  the 
same  time  the  front  pressure  falls  down  to  critical  Pkr  and  the  reaction 
is  suppressed  completely. 

This  criterion  with  the  reaction  rate  and  the  equation  of  state  JWL 
(LLNL,  1995  )  for  a  TATB  explosive  was  used  for  the  calculations  of  a 
critical  thickness  of  a  mailar  plate  versus  velocity  Hkr  =  Hkr(Vo) 
(LLNL  experiment,  1981  )  This  curve  “Propagation/Failure”  was  usu¬ 
ally  demonstrated  for  values  {P,  tkr  },  were  tkr  is  total  time  for  the 
shock  wave  to  travel  the  thickness  of  the  plate  Hkr  and  return  the  rare¬ 
faction  wave  to  the  “explosive/plate”  boundary. 

The  calculations  was  executed  with  “quasisteady  profile”  for  a  de¬ 
veloping  detonation  wave  by  variation  in  time  of  the  reacted  fraction 
F(t)  at  the  maximum  burning  Lagrangian  point  after  the  wave  front  of 
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the  detonation  with  the  equation  of  conservation  as  usually  (that  is,  in 
other  words,  at  the  “algebraic  approximation  lever’).  Two  approxima¬ 
tion  were  also  used:  “The  noncompression  plate”  and  ‘The  approxi¬ 
mation  of  the  break  disintegration”.  A  good  agreement  was  reached 
for  both  the  case  with  the  LLNL  experiment  data  (1981). 

The  P*tkr  ~  const  criterion  was  also  considered.  The  new  criterion 
predicts  a  more  correct  and  more  general  interpretation  for  that: 

1/  XKR(P)  =  ...+  a*P3  +  p*P2  +  y*P  +  5  (6) 

In  view  of  the  “Juge  mobility  point”  conception  the  algebraical 
method  for  calculation  of  parameters  characterizing  the  transition  to 
the  stationary  mode  of  detonation  is  shown.  Run  distances  to  detona¬ 
tion  and  excess  transit  times  were  calculated  successfully  in  the  limit  ot 
the  “thick  plate”  with  LLNL  reaction  rates  (1980  and  1995  ). 

2D  METHOD  FOR  NUMERICAL  SIMULATION  OF  HE 

COMBUSTION 
AND  DETONATION 

O.A.Dibirov,  S.V.Tsykin,  Yu.V.Yanilkin 

Russian  Federal  Nuclear  Center,  Arzamas-16,  Russia 

The  presentation  discusses  a  2D  method  for  simulation  of  high  explosive 
(HE)  combustion  and  combustion-detonation  transition.  The  method  is  based 
on  two-phase  two-velocity  representation  of  HE  and  HE  combustion  products 
(CP)  and  can  be  used  for  solid  HE  of  various  porosity  degree.  The  method  is 
implemented  within  the  EGAK  program  system  in  the  Lagrangian-Eulenan 
coordinates.  The  method  of  concentrations  is  used  for  computing  both  H 
and  CP  component  boundary  motion  across  an  arbitrarily  moving  computa¬ 
tional  grid.  .  .  .  .  . 

Results  of  ID  test  problem  computations  in  comparison  with  exact  solu¬ 
tions  as  well  as  those  of  2D  computations  in  comparison  with  experimental 
data  are  presented.  The  agreement  is  satisfactory. 

COMPUTATIONAL  STUDY  OF  PETN  COMBUSTION 
TRANSITION  TO  DETONATION  IN  THE  CONTEXT  OF 
SEPARATED  COMBUSTION  FRONT  MODEL 

S.M.  Bakhrakh,  B.N.  Krasnov,  S.V.  Tsykin,  S.A.  Shaverdov 

Russian  Federal  Nuclear  Center-VNIIEF,  Arzamas- 16,  Russia 

The  combustion-to-detonation  transition  experiment  for  low  po¬ 
rosity  pressed  peth  is  described  theoretically  and  computationally.  The 
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technique  of  numerical  computations  is  discussed.  The  computed  data 
and  their  comparison  with  the  experimental  results  are  used  as  a  basis 
for  the  two-stage  process  evolution  scheme  providing  for  the  possibility 
of  transition  to  detonation  with  retaining  the  linear  dependence  of 
combustion  rate  on  pressure  inherent  in  most  HE.  A  number  of  con¬ 
clusions  are  made  regarding  each  stage.  The  qualitative  agreement  of 
the  computed  and  experimental  data  is  obtained. 

NUMERICAL  MODELING  OF  EFFECT  OF  ALUMINUM 
PARTICLES  ON  DETONATION  PERFORMANCE  OF 
MODEL  HIGH  EXPLOSIVES  BASED  ON  EQUILIBRIUM 
CHEMISTRY  APPROACH 

B.A.Khasainov1,  B.S.Ermolaev1,  A.A.  Borisov1,  G.Baudin2,  H.-N. 

Presles3 

Institute  of  Chemical  Physics,  Moscow,  Russia,  2 Centre  d’ Etudes  de 
Gram  at  -  DGA .  Gramat,  France, 2  LCD,  CNRS,  Futuroscope,  France 

A  model  of  aluminum  oxidation  in  detonation  products  of  con¬ 
densed  explosives  is  developed  assuming  diffusion  (or  mixing)  con¬ 
trolled  consumption  of  aluminum  and  "equilibrium  chemistry"  in  re¬ 
action  products  in  course  of  aluminum  oxidation.  Thus,  state  pa¬ 
rameters  and  composition  of  detonation  products  along  the  particle 
path  behind  the  shock  wave  are  calculated  assuming  that  they  are  in 
thermodynamic  equilibrium.  Particularly,  we  coupled  directly  1-D 
gasdynamic  code  with  a  "black  box"  caloric  equation  of  state  which 
allows  one  to  calculate  pressure,  temperature  and  composition  of  the 
mixture  at  given  energy  and  volume  of  the  mixture.  This  thermody¬ 
namic  equilibrium  subroutine  is  based  on  the  program  developed  by 
Imkhovik  N.A.[1]. 

We  used  our  1-D  gasdynamic  code  to  analyze  performance  and 
structure  of  steady  detonation  waves  in  HMX/A1  mixtures  at  a  given 
rate  of  decomposition  of  HMX  and  at  different  aluminum  particle  size 
and  concentration.  Apart  from  that,  we  used  the  code  to  simulate  py- 
rometric  studies  and  metal  plate  acceleration  tests  for  HMX/A1  com¬ 
positions. 

Detonation  performance  predicted  by  the  code  in  extreme  cases  of 
fine  and  coarse  particles  reasonably  agrees  with  thermodynamic  equi¬ 
librium  calculations  for  reactive  or  inert  aluminum  particles  respec¬ 
tively.  However,  for  the  smallest  aluminum  particles  the  present  ver¬ 
sion  of  the  thermocode  becomes  not  sufficiently  reliable  as  aluminum 
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concentrations  approaches  25%  level,  though  in  all  other  cases  calcu¬ 
lated  results  reasonably  agree  with  thermodynamic  predictions  per- 
formed  for  extreme  case  of  reacting  aluminum  and  similar  inert  parti¬ 
cles  and  provide  valuable  information  on  detonation  product  composi¬ 
tion  in  and  behind  detonation  waves.  Apart  from  that,  this 
"equilibrium  chemistry"  approach  automatically  provides  correct  ener¬ 
getics  of  the  considered  explosives.  However,  it  is  worth  to  rearrange 
the  thermocode  (i)  by  increasing  its  reliability  at  high ‘ 
tent  and  respectively  high  temperatures  exceeding  6000  K  and  (11)  by 
making  it  fully  consistent  with  gasdynamic  codes,  i.e.  the  thermocode 
must  be  capable  of  finding  directly  pressure  P  and  temperature  7  at 
ajven  specific  volume  V  and  energy  E  of  the  detonation  products  with¬ 
out  additional  iterations.  Such  modification  will  allow  one  to  reduce 
significantly  computation  time  by  avoiding  excess  iteration  procedures 
of  the  kind  used  in  this  work  and  to  couple  the  thermodynamic  equa¬ 
tion  of  state  with  2-D  gasdynamic  codes. 

Numerical  gasdynamic  simulations  based  on  direct  use  ot  ther- 
modynamic  equation  of  state  show  that  the  smaller  the  particle  size, 
the  higher  the  temperature  of  HMX/A1  detonation  products.  However, 
measurements  of  brightness  temperatures  demonstrate  an  opposite 
trend  [2].  This  qualitative  difference  between  experimental  detonation 
temperatures  and  thermodynamic  calculations  calls  for  either  careful 
analysis  of  input  data  and  equations  of  states  used  by  the  thermocode 
or  reconsideration  of  the  procedure  used  to  extract  detonation  tem¬ 
perature  of  two-phase  metal-containing  mixtures  by  measuring  bright¬ 
ness  temperatures.  „ 

Simulations  of  metal  plate  acceleration  tests  show  that  addition  ot 
aluminum  particles  could  provide  about  3.5%  gain  in  plate  velocity  in 
comparison  with  pure  HMX  if  however  particles  are  sufficiently  small 
so  that  their  characteristic  burning  time  is  significantly  smaller  than  the 
particle  dwell  time  in  the  considered  experimental  device.  Hence,  for 
anv  given  firing  assembly  there  is  some  threshold  size  of  A1  particles 
below  which  burning  of  aluminum  enhances  plate  projection  ability 
Numerical  results  predict  that  there  is  an  optimum  concentration  ot 
aluminum  (~1 5  wt.  %)  providing  the  largest  plate  acceleration  effect. 

The  developed  model  of  aluminum  particle  behavior  in  and 
behind  detonation  waves  demonstrates  as  a  whole  high  predictive 
ability.  Apart  from  that,  it  can  be  applied  to  a  number  of  different 
compositions  and  situations,  especially  being  coupled  with  2D  gas¬ 
dynamic  code. 
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OXIDATION  OF  ALUMINIUM  PARTICLES  IN  THE 
PRODUCTS  OF  CONDENSED  EXPLOSIVES 
DETONATION 

N.A.Imkhovik,  V.S.Soloviev 

Moscow  State  Technical  University,  Moscow 

In  this  work  we  investigated  thermodynamical  and  macrokinetics 
properties  of  dispersed  aluminium  oxidizing  under  high  dynamic  pres¬ 
sures  and  temperatures,  that  take  place  in  detonation  of  high  mixed 
explosives.  The  analize  is  carried  out  on  basis  of  combined  usage  of 
equilibrium  chemical  thermodynamics  methods  and  hydrodinamics  of 
reacting  mediums  approach.  In  terms  of  thermodynamics  it  was  devel¬ 
oped  the  allpurpose  program  system  for  numeric  simulation  of  detona¬ 
tion  parameters,  detonation  products  (DP)  composition  and  properties 
of  various  explosive  mixtures.  The  perculiarities  of  aluminium  behav¬ 
iour  in  detonation  of  heterogeneous  explosive  systems  with  different 
characteristics:  high  density  explosives,  pourous  and  low  density  com¬ 
positions, gaseous  and  airodusts.  On  basis  of  numerical  and  experimen¬ 
tal  data  comparison  it  was  shown,  that  the  state  of  dispersed  alumin¬ 
ium  about  Chapman-Jouget  point  and  its  affection  degree  on  explosive 
detonation  parameters  is  rather  differ  for  various  charge  densities  ( 
high,  porous,  low  )  and  oxidizing  balanse  (pozitive,negotive).  Thermo¬ 
dynamic  conditions  of  intermediate  aluminium  oxidizing  products 
formation  and  high  condensed  oxid  AI2O3  appearance  were  investi¬ 
gated.  It  was  established  a  logic  connection  between  reaction  heat  ef¬ 
fect,  products  composition  and  properties  and  also  with  the  effective 
external  work.  We  also  carried  out  analize  of  Hugoniots  and  rarefac¬ 
tion  isentropes  of  equilibrium  of  partially  "frozen"  products  composi¬ 
tion  sitation  at  the  P-V  plane.  We  realized  that  the  positive  oxidising 
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effect  of  aluminium,  i.e.,  QPVgrouth  (instead  of  Qpt)  for  the  negotively 
ballansed  explosives  takes  plase  under  rarefaction  up  to  P<10  GPa. 
This  explains  impossibility  of  the  rate  and  detonation  pressure  raise  for 
high  explosives  by  aluminium  additions.  The  tendency  of  heat  expan- 
dature  increase  with  pressure  decrease  was  noted  eirlier  (papers  by 
Cook  M.,  Belyaev  A.F.),  but  was  explained  with  specificy  of  chemical 
oxidizing  mechanism  (gaseous  products  appearance  about  Chapman- 
Jouget  point  -  AbO,  AlO). 

Those  thermodynamical  properties  of  dispersed  metal  combustion 
under  high  pressures  were  used  in  numeric  simulation  of  shocks  and 
detonations  propagation  in  reacting  mediums  with  double-stage  energy 
expansion,  and  also  of  plates  and  casings  problem  with  mixed  explo¬ 
sives.  We  investigated  the  influence  of  the  time-scale  factors  and  prod¬ 
ucts  gaseousdynamic  flow  on  trasformation  of  the  heat  release  of  alu¬ 
minium  combustion  into  effective  external  word.  On  basis  of  that  in¬ 
vestigations,  it  was  developed  the  allpurpose  numeric-experimental 
method  of  aluminium  oxidizing  macrokinetics,  determined  by  its  affec¬ 
tion  on  the  medium’s  flow.  The  analize  of  experimental  data  was  held 
and  approximations  were  proposed  for  aluminium  powders  oxidising 
of  various  dispersity.  The  problem  of  oxidizing  kinetics  model  creation 
for  aluminium  and  other  dispersed  metals  under  high  pressures  is  dis¬ 
cussed. 

PEJIAKCAIJHOHHA5I  MOflEJIB  AETOHAIJHH  CMECEH 
B3PbIBHATOrO  BEIHECTBA  C  HHEPTHOH 
/JOEABKOH  * 

JI.B.AjibTiuyjiep,  B.C.^KyneHKO1,  H.C.MeHbiuoB2 

Haynno-ucaiedoeamenbCKuii  tfenmp  meruio(pu3UKu  uMnynbCHbix  eo3deu- 
cmeuu,  1  HayHHO-uccjiedoeameubCKUu  MamuHOcmpoumejibHbiu  uHcmu- 
mym,  2MHcmumym  npuKJiadHou  MameMamuKU,  Mocxea,  Poccuh 

Ilpe^jTO>KeHa  o6o6meHHaa  MaTeMaraHecKaa  MO,n,ejib,  no3BOJiaio- 
maa  paccHHTaTb  napaMeTpbi  AeTOHaijHH  B3pbiBHaTbix  BemecTB  (BB), 
coAepwamux  HHepTHbie  ^obaBKH,  c  yneTOM  TeMnepaTypHOH  h  cKopo- 
cthom  pejiaKcauuH  b  KOMnoHeHTax  cMecn.  CxeMa  pacneTa  nocTpoeHa 
b  paMKax  MO/tejin  AByxcicopocTHOH  w  AByxTeMnepaTypHOH  reieporeH- 
hoh  cnnomHOH  cpe/tbi.  B  CHCTeMy  ypaBHeHHH  bboahtcb  jxbsl  pejiaicca- 
uwoHHbix  napaMeipa,  ynuTbiBaiomux  3aTpaTbi  SHeprHH  u  HMnyjibca 
Ha  TeMnepaTypHyio  h  CKOpocTHyio  pejiaKcaijHio.  <PpoHT  ^eTOHaitHH 
cHHTaeTca  becKOHenHo  tohkhm,  KHHeTHKa  pejiaKcaitHOHHbix  npoitec- 
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cob  b  30He  iHeproBbineneHHH  He  paccMaxpHBaexca.  TeMnepaTypa  h 
CKopocTb  Ao6aBKH  Ha  (fipoHxe  BOiiHbi  3a,aaK)TCJi  KaK  Bxo^Hbie  napa- 
Mexpbi.  BbiHHCJieHHH  npoBOAHTca  b  Asa  axana.  Ha  nepBOM  axane  hhc- 
jieHHO  pemaexcfl  3aMKHyxafl  cHCTeMa  H3  xpex  HejiHHeHHbix  ajire6pan- 
necKHX  ypaBHeHHH,  onncbiBaiomHx  AexoHaunoHHyio  aAna6axy,  npa- 
Myto  MnxejibcoHa  h  ycjiOBHe  KacaHna  HenMeHa-^Cyre.  npn  3aMHHbix 
pejiaKcauHOHHbix  napaMexpax  ypaBHeHHH  coAepwax  xpn  HeH3BecxHbie 
BejiHHHHbi  -  ^aBJieHHe,  yAejibHbiH  o6i>eM  h  CKOpocxb  AexoHaijHH.  Pe- 
meHHe  cncxeMbi  onpeAejiaex  cocxohhhh  CMecn  Ha  (jjpoHxe  aexoHaun- 
OHHOH  BOJiHbi.  Ha  BXopoM  axane  pacc4HXbiBaexca  HecxauHOHapHaa 
3aAana  o  pacnpocxpaHeHHH  ^exoHaunoHHoii  BOJiHbi  b  B3pbiBHaxo\i 
BemecxBe  c  npnMecbio  mcjikhx  HHepxHbix  nacxnu,  yBJieKaeMbix  bjbkhm 
nOXOKOM  npOAyKXOB  B3pbIBa.  Pe3yjlbxaxbl  BbIHHCJieHHH  OnHCblBaiOX 
npocxpaHCXBeHHoe  xeneHne  3a  (JjpoHxoM  ^exoHauHOHHOH  BOJiHbi. 

npe/yiaraeMaa  o6o6meHHaa  MOAeJit  no3BOJiHJia  oSxHCHHXb  na- 
paAOKcajibHbie  pe3yjibxaxbi,  HaSjuoAaBiHHecfl  npn  HCCJieAOBaHHH  Ae- 
xoHauHH  CMecen  6pH3aHXHoro  BB  c  nopomKOM  BOJib^paMa 
(Ajibxmyjiep  JI.B.,  Pfl3aHOB  B.T.,  CnepaHCKaa  M.n.//nMTO.  1972. 
Nl.  C.  122).  YBeJiHMeHHe  KOHueHxpauHH  BOJib(|)paMOBOH  Ao6aBKH,  bo- 
npeKH  pacnexaM  no  npHHHxon  aAAHTHBHOH  cxeMe,  npHBeJio  k  pe3KOMy 
yMeHbiueHHK)  AaBJieHHH  AexoHaijHH.  B  xo  >Ke  BpeMH  H3MepeHHbie  cko- 
pocxH  ,nexoHauHH  OKa3ajiHCb  HecKOAbKO  Bbirne  pacnexHbix  3HaHeHHH. 
BbIHHCJieHHH  noKa3ajiH,  hxo  b  cMecnx  BB  c  nacxHuaMH  H3  XH>KeAoro 
Mexamia  cKOpocxHaa  peJiaKcapHH  nrpaex  AOMHHHpyiomyio  pojib.  Co- 
nocxaBJieHne  pacnexoB  c  SKcnepnMeHXOM  noKa3ajio,  hxo  cxeneHb  3a- 
BepLUeHHOCXH  CKOpOCXHOH  pejiaKCaiJHH  Ha  cjjpOHXe  BOJiHbi  yBeJIHHHBa- 
exca  c  pocxoM  KOHueHxpauHH  ^o6aBKH  a.  npn  a=20%  CKopocxb 
BOJib(|)paMOBbix  nacxHLj  npHMepHo  BABoe  MeHbuie  CKopocxn  npOAyK- 
xob  B3pbiBa,  nocneAyiomHH  pa3roH  nacxHH  ocymecxBAflexca  3a  Aexo- 
HauHOHHbiM  c|)p0HX0M.  npn  oc=60%  Ha  (jipoHxe  AOCxHraexca  nonxH 
no.HHoe  cKopocxHoe  paBHOBecne.  PacnexHbie  npo(|)HAH  AexoHaunoH- 
Hbix  bojih  BbiHBHJin  cxpyKxypy,  xapaKxepHyio  aa a  caMonoAAep>KH- 
BaiomerocH  pe>KHMa  HeAOOKaxon  A^xonaunn  c  y3KOH  30hoh  penaKca- 
UHH,  B  KOXOpOH  npOHCXOAHX  HHXeHCHBHOe  BbipaBHHBaHHe  CKOpOCXCH 
npoAVKxoB  B3pbiBa  h  nacxnu  BOJib(J)paMa,  a  AaBJieHHe  na^aex  ao  hcko- 
xoporo  paBHOBecHoro  3HaneHHH,  h  nocAeAytoiuen  pacuinpaiomeHCH  co 
BpeMeHeM  o6jiacxbio  c  nocxoHHHbiMH  napaMexpaMH  xeneHHH  (njiaxo). 
^aBJieHHH  b  njiaxo.  paccHHxaHHbie  aah  CMecen  c  pa3HbiM  coAep>KaHH- 
eM  BOJibc|)paMa  (oc=20.  40  h  60%),  yAOBJiexBOpnxeJibHO  coBnaAH  c  3kc- 
nepHMeHxajibHbiMH  AaHHbiMH. 
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Pa6oTbi  BbinoJiHeHa  npw  (|3HHaHC0B0H  noAAep>KKe  Pocchh- 
CKoro  (j)OHAa  (j)  y  HAaM  ei-mi  JibHbix  wccjieAOBaHHH  (rpaHT  JN°  97-03- 
32599a). 

•  Relaxation  Model  of  Detonation  for  Mixtures  of  Explosives  with  Inert 
Additive ,  L.V.Al'tshuIer,  V.S.Zhuchenko1, 1.S.Menshov2(High  Energy 
Density  Research  Center,  Moscow;  1  Institute  of  Machine-Building, 
Moscow: 2  Institute  of  Applied  Mathematics,  Moscow) 

MEXAHM3M  ^ETOHAIJHH  <MErMATH3HPOBAHHbIX 
B3PbIBHATbIX  BELUECTB 

Jl.B.AjibTiuyjiep,  B.C.^KyHemco1,  H.A.Hmxobhk2, 
H.C.MeHbiuoB3 

HayuHO-ucc.iedoeamejibCKuii  ijewnp  mennocfusuKu  imnyjibCHbtx  sosdeu- 
enmuii,  1  Haymio-iicaiedoeamejibCKUii  MauiuHocmpoumejibHbiu  UHcrnu- 
mmi  2 MocKoecKim  pocydapcweenubiii  mexminecKuu  ymieepcumem, 
3MHcmumym  npuKJtadmu  MumeMamuKu,  Mockbci 

HccneAOBaHMH  cTpyKTypbi  AeTOHaunoHHbix  bojih  b  <J)jierMaTH3M- 
poBaHHbix  BB  (T3He  w  reKcoreHe.  coAepwauinx  5-10%  napa^HHOBOH 
Ao6aBKH)  ueTKO  BbmBHJiH  xapaKTepHbie  npH3HaKH  caMonoAAepwn- 
BatomeacH  He^ooKaTOH  ACTOHaunn:  VBejiHneHHe  ckopocth  w  CHH>Ke- 
Hne  aaBaeHH«  no  cpaBneHHio  c  HOpMajtbHbiM  pe>KHMOM  HenMeHa- 
)Kyre,  a  'raioKe  B03HHKH0BeHne  Ha  npocjDHjnix  AaBJieHHH  roprnoHTajib- 
Hbix  vMacTKOB.  pacTflrnBatoiAHXCH  no  Mepe  ABHKeHna  AeTOHanwn  no 
3apaav  (AjibTUjyjiep  Jl.B.,  AuiaeB  B.K.,  Ea.na.naeB  B.B.  n  Ap-Z/^PB. 
1983.  N4.  C.  153).  Ha6niOAaeMbiH  pe>KHM  6bur  KaHecTBeHHO  HHTepnpe- 
THpoBaH  c  KJiaccHHecKnx  no3Hunn:  npeAnonaranocb,  hto  HeAoc>KaTaa 
AeTOHauHH  B03HHKaeT  M3-3a  HeMOHOTOHHoro  TenjtoBbiAeJieHHa,  Bbi- 
3BaHHoro  3aTHHVTOH  3HAOTepMHHecKOH  peaKpnen  pa3JTO)KeHHyi  napa- 
(|)Hna.  HncjteHHbin  aHann3,  npoBeneHHbiM  b  AaHHon  paOoTe,  noKa3a;i 

HeTOHHOCTb  raKOH  TpaKTOBKH. 

npn  AeTOHapun  (j)jierMaTH3npoBaHHbix  BB  B3pbiBHaToe  npeBpa- 
meHne  conpoBO>KAaeTCH  pa3JinHHbiMn  penaKcaunoHHbiMH  npouecca- 
MH.  B  TOM  HHCJie  pa3nO>KeHHeM  napa^DHHOBOH  AoOaBKH.  npOAyKTbl 
pa3Jio>KeHHH  napacj)HHa  BCTynatoT  b  xHMHHecKoe  B3awMOAeHCTBHe  c 
npoAyKTaMn  B3pbiBa,  npn  3tom  npoTeKatOT  KaK  3HAOTepMHHecKne, 
TaK  H  3K30TepMHMeCKHe  peaKLtHH.  KOHeHHOe  COCTOHHHe  npOAyKTOB 
B3pbiBa  onpeAe-iaerca  ne  TOJibKO  cyMMapHbiM  TennoBbiM  3^(J)eKTOM, 
HO  H  H3MeHHBUJHMCfl  XHMHHeCKHM  H  (J)a30BbIM  COCTaBOM  CMeCH. 
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npOBeAeHHbie  TepMOAHHaMHHecKHe  pacneTbi  onpeAejiHJTH  napa- 
MeTpbi  COCTOHHH5I  Ha  npoMe>KyTOHHOH  a^Ha6aTe  (cMecb  npo^yKTOB 
B3pbma  c  yaapHOC>KaTbiM  hcxoahmm  napa(J)HHOM)  h  Ha  kohchhoh 
aAHa6aie  (cMecb  HOBoro  cocTaBa).  OKa3anocb,  hto  pa3JiHHHa  b  Ten- 
aoBbix  3(j)<j)eKTax  npoMe)KyTOHHoro  h  KOHenHoro  cocTaBa  Manbi,  a  He- 

MOHOTOHHoe  cMemeHHe  fleTOHauHOHHbix  a^Ha6aT  Ha  njiocKOCTH  AaB- 

jieHne  -  y^eubHbiH  o6i>eM  b  npoijecce  xHMHHecKoro  npeBpameHHH  o6y- 
cjioBJieHO  He  TenjionoTepHMH,  KaK  paHee  npe^nojiaraaocb,  a  H3MeHe- 
HHeM  y^apHOH  C>KHMaeMOCTH  H  TepMOflHHaMHHeCKHX  CBOHCTB  KOHeH- 
HblX  npOayKTOB  B3pbIBa. 

B  peajibHbix  3apa^ax  4>jierMaTH3aTop  pacnpeAeJieH  HepaBHOMep- 
ho,  KaK  b  BH,ae  tohkhx  MHKpoHHbix  njieHOK,  noKpbraaiomHx  noBepx- 
HOCTb  3epeH  BB,  TaK  H  B  BHAC  OTHOCHTCJIbHO  KpynHbIX  BKAIOHeHHH, 
pacnoAO)KeHHbix  Me>KAy  3epHaMH.  BcneACTBHe  3Toro  nacTb  (j)JierMa™- 
3HpyiomeH  npHMecu  MO>KeT  pa3JiaraTbca  oneHb  6bicTpo,  BHyTpH  xh- 
MHnecKOH  30Hbi  npeBpameHHH  BB,  a  nacTb  -  3aMeAAeHHO,  b  bojihc 
paciiiHpeHHa.  KoAHHecTBeHHoe  onncaHHe  noBeACHHH  napa4)HHa  b  ac- 
TOHaUHOHHOH  BOJIHe  BpHA  AH  B03M0>KH0.  B  npOBeACHHblX  ra30AHHa- 

MHnecKHX  pacneTax  KHHeTHKa  pa3AO>KeHHH  3aAaBajiacb  SKcnoHeHUH- 
aabHbiM  3aKOHOM,  npH  3TOM  BapbHpoBajiHCb  TpH  napaMeTpa:  BpeMH 
pejiaKcauHH,  a oah  napa(j)HHa,  pa3Jio>KHBmerocH  b  30He  XHMHHecKoro 
npeBpameHHH  BB,  h  o6maa  aoaa  napatjtHHa,  pa3AO>KHBUierocH  b  30He 
peAaKcauwH. 

Fa30AHHaMHHecKoe  MOAeAHpOBaHHe  c  HcnoAb30BaHHeM  pe3yAb- 
TaTOB  TepMOAHHaMHHeCKOrO  aHaAH3a  BbIHBHAO  THnHHHyiO  AAA  He- 
AOC>KaTOH  AeTOHaUHH  KApTHHy  TeHeHHH  C  6bICTpOH  30HOH  peAaKcaHHH 
h  nocjieAyioiAHM  aBTOMOAeAbHbiM  nuaTo,  nepexoAamHM  b  ueHTpHpo- 
BaHHyio  BOAHy  pa3pe>KeHHSi.  BbiAHCAeHHbie  napaMeTpbi  AeTOHauHH 
VAOBAeTBOpHTeAbHO  COrAacyiOTCfl  C  3KCnepHMeHTaAbHbIMH  AaHHbIMH. 

Pa6oTbi  BbinoAHeHa  npH  (J)HHaHC0B0H  noAAep>KKe  PoccHHCKoro 
(j)OHAa  (JjyHAaMeHTaAbHbix  HCCJieAOBaHHH  (rpaHT  N°  97-03-32599a). 

•  Mechanism  of  Detonation  of  Flegmatizated  Explosives.  L.V .Al'tshuler, 
V.S.Zhuchenko1,  N.A.Imkhovik2, I.S.Menshov3(High  Energy  Density 
Research  Center,  Moscow;  'Institute  of  Machine-Building,  Moscow; 
2Moscow  State  Technical  University,  Moscow; 3  Institute  of  Applied 
Mathematics,  Moscow) 
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MO.AEJIHPOBAHHE  HArPyaCAJOUJEfi  H 
METATEJILHOH  CnOCOEHOCTH  HH3KOIUIOTHMX 
B3PMBHATMX  COCTABOB  * 

C.r.  AH/ipeeB,  M.M.  Bohko,  H.A.  Hmxobhk,  H.n.  ManneBa, 

B.C.CojioBbeB 

MocKoecKuu  aocydapcmeemibiu  mexHmecKuu  ynueepcumem,  Mooted 

B  HacToamee  BpeMH  Hapjmy  c  BbicoKo6pH3aHTHbiMH  B3pbiBnaTbi- 
mh  cocTaBaMM  Bee  6ojibinee  npHMeHeHHe  Haxo/jjrr  HH3KOHMnyjibCHbie 
h,  b  nacTHOCTH,  HH3KOiuiOTHbie  B3pbiBHaTbie  cocTaBbi  (HI1BC),  o6jia- 
flaiomHe  KOMnneKCOM  cbohctb,  no3BOJiiomHM  peajiH30BbiBaTb  Heo6- 
xoflHMoe  cooTHomeHHe  HarpyacaiomeH  h  MeTaTenbHOH  ciiocoShocth 
BB.  B  nepBOM  npH6jiH>KeHHH  3TO  cooTHomeHHe  nojiyneHO  aHanHTHHe- 
ckh  c  Hcnojib30BaHneM: 

-  b  KanecTBe  xapaKTepHCTHKH  MeTaTejibHOH  oiocoShocth  -  cko- 
pocTH  MeTaHHH  Hec>KHMaeMOH  njiacTHHbi  npo^yKTaMH  AeTOHaijHH 
(Il.H),  pacnpocxpaHaiou^eHCJi  b  pe>KHMe  HermeHaOKyre  (H->K)  b  Ha- 
npaBJieHHH,  npOTHBonojio>KHOM  HanpaBJieHHK)  ycKopeHHfl  miacTHHbi 
(yxoAflujaa  tfeTOHaijHOHHaa  BonHa  (AB)), 

-  b  KanecTBe  xapaKTepHCTHKH  HarpyacaiomeH  choco6hocth  -  3Ha- 
HeHHB  MaKCHMyMa  AaBJieHHa,  pa3BHBaeMoro  Ha  rpaHHLje  KOHTaKTa  11^ 
yxo^ameH  Pfi  c  BemecTBOM  (MaTepnanoM  njiacTHHbi)  3a#aHHOH  cjkh- 
MaeMOCTH. 

O^HOMepHoe  nnocKocHMMeTpHHHoe  pacuiHpeHHe  n/(  onncbraa- 
JlOCb  C  HCn0JIb30BaHHeM  ypaBHeHHH  H303HTp0nbI  P  =  Apky  B  KOTOpOH 

3aBHCHMOCTb  riapaMeTpoB  A  h  k  ot  HanajibHOH  iuiothocth  HIIBC  on- 
pe/jejumacb  b  cooTBeTCTBHH  c  no/jxcmoM  lOKaBbi  h  MHJinepa.  npH  3tom 
BB,  njiOTHOCTb  KOToporo  MeHbme  KpHCTajuinnecKOH,  npe^cTaBJUUiocb 
CMeCbK)  flByX  (J)a3  -  nepBOH  C  nJIOTHOCTbK)  MOHOKpHCTaJIJia  H  BTOpOH  - 
rnnoTeTHnecKOH  c  njiOTHOCTbio,  paBHOH  Hyjno.  3KcnepHMeHTbi  noKa3a- 
jih  npneMJTeMOCTb  TaKoro  noAXO^a  Jinuib  ajih  HeKOTopbix  BB  h  hx  CMe- 
cen  c  He6onbiuHM  kojihhcctbom  ManonnoTHbix  HanojiHHTejieH 
(HanpHMep  /yia  reKeoreHa  (r)  h  ero  CMecn  c  MHnopoH  (rM)). 

B  HacTOHinen  pa6oTe  Hcnojib30BaH  TepMOAHHaMHnecKHH  tiorxor, 
no3BOJiHBtiiHH  npoaHajiH3HpoBaTb  cooTHomeHHe  Harpy>KaiomeH  h  Me- 
TaTeubHOH  cnoco6HOCTH  juin  6ojiee  uinpOKoro  Kpyra  HIIBC  Ha  ocho- 
Be  reKeoreHa  (BKJnonaH  CMecn  c  (JjeHOJHjjopMajib-^erHAHbiMH  MHKpo- 
c(J)epaMH  (OMC)  h  6aKejiHTOM  (E),  ajiiOMHHHeM  (Al)  h  BB  -  okhcjth- 
TenflMH:  aMMHaHHOH  cejiHTpoH  (AC),  nepxnopaTaMH  aMMOHHH  (nXA) 
h  KajTHH  (nXK)  h  HnBC  Ha  ocHOBe  cnnaBa  Tr  c  neHonoJiHCTHpojroM 
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w  A1  (Trnc  h  TrAFIC)  h  conocTaBHTb  hx  xapaKTepHCTHKH  c  ^aHHbi- 
mh  hjih  xopouio  H3yneHHOH  CMecH  TM. 

TaK  KaK  TepMO^HHaMHnecKoe  paBHOBecne  TIR  b  nnocKOCTH  H-JK 
CMeceBbix  BB  mo)kct  He  aocraraTbca,  b  o6meM  cjiynae  ncnojib30Ba- 
jiHCb  TpH  BapHaHTa  pacneTa,  cooTBeTCTByiomHe  H^eajibHOMy  (BapHaHT 
I)  h  HeH^eajibHbiM  (BapnaHTbi  II,  III)  peacHMaM  /xeTOHaijHH.  IlapaMeT- 
pbi  HeH/jeajibHbix  pe^cuMOB  onpe^ejiajiHCb  npn  3a/jaHHOM  nacraHHOM 
TennoBOM  h  XHMHHecKOM  HepaBHOBecHH  Ilfl.  npH  pacneTe  no  BapH- 
aHTy  II  b  njiocKOCTH  H-2K  HepaBHOBecHOH  (HepearHpyjomen)  CHHTa- 
jiacb  jiHiiib  ,ao6aBKa  Al;  no  BapnaHTy  III  yHHTbiBanocb  pa3Jio>KeHHe 
TOJibKO' Han6ojiee  B;eTOHauHOHHOcnoco6Horo  KOMnoHeHTa  -  reKcore- 
Ha,  a  Bee  ^pyrne  (Al,  BB-OKHCJiHTejiH,  THT,  HanojiHHTejin)  CHHTajiHCb 
HepearwpyiomHMH  ^.o  nnocKOCTH  H-5K  h  oKHMaeMbiMH  a/mHTHBHo  c 
nj\  reKeoreHa. 

B  KanecTBe  KpnTepHeB  oijeHKH  6ajuiHCTHHecKHX  xapaKTepncTHK 
HnBC,  OTpa>KaiomHx  cneHH(j)HKy  nx  npHMeHeHHH  n  no3BOJ«nomHx 
npOBO^HTb  aHaJIHTHHeCKHe  BbIHHCJieHHfl  CKOpOCTH  MeTaHHH  Aflfl  HeKO- 
Topbix  reoMeTpHHecKHX  cxeM,  npwHHTbi:  xapaKTepncTHHecKaa  cko- 
pOCTb  TIJI  npH  H33HTpOnHHeCKOM  paCUIHpeHHH  (W*  )  H  BbmeJIHBUiafl- 
CH  B/JOJIb  H33HTpOnbI  o6beMHaH  BHyTpeHHHH  3HeprHH  (E*).  Ilpn  O^H- 
HaKOBOH  mioTHOcTH  3apa,noB  Han6ojiee  BbicoKne  3HaneHHH  xapaKTe- 
pHCTHK  W*  h  E*  peajiH3yiOTca  r jib  cocTaBa  TM.  Bjih3kh  k  HeMy  co- 
cTaB  TmC  n  ero  CMecb  c  Al  npn  onTHManbHOM  (-10%)  coAepacaHHH 
AoSaBKH  h  ee  nojrnoM  okhcjichhh.  O/moBpeMeHHoe  BBezxeHHe  20%  Al 
h  15  %  BB-oKHCJiHTejien  (  AC,  nXA  ),  HecMOTpa  Ha  cymecTBeHHoe 
yBejiHHeHHe  TennoTbi  B3pbiBnaToro  npeBpameHHH  Q,  He  3aMeT- 
noro  noBbimeHHH  W*  h  E*  H3-3a  CHHweHHH  napaMeTpoB  fleTOHaijHH, 
HTO  B  CBOK)  OHepe^b  HBJTHeTCfl  CJietfCTBHeM  CHH>KeHHH  KOJIHHeCTBa  MO- 
jien  ra30o6pa3Hbix  TIJI  b  nnocKOCTH  H->K  (ajih  cocTaBa 
r/nXK/Al/<DMC/E,  HecMOTpH  Ha  MaKCHMajibHoe  Q,  3HaHeHHH  W*  h 

E*  MHHHMaJIbHbl). 

BMecTe  c  TeM,  ecjin  aHanH3HpOBaTb  MeTaTejibHyio  cnoco6HOdb 
HnBC  c  yneTOM  orpaHHHeHHH  no  ^aBJieHHio  Harpy>KeHHa  yxo^aiijeH 
/(B,  a  TaK>Ke  ^onojiHHTeubHbix  orpaHHHeHHH  Ha  o6beM  3ap*ma 
HnBC  h  6a3bi  pa3roHa  MeTaeMbix  3JieMeHTOB,  to  pa/x  no  MeTaTejib- 
HOH  CnOCOSHOCTH  CymeCTBeHHO  H3MeHHTCa.  npH  3TOM  HaHSoJiee 
3(J)(J)eKTHBHbIMH  CTaHOBHTCa  COCTaBbI  C  Al  H  OKHCJIHTeJlHMH  (AC, 
nXA).  CpaBneHHe  pe3yjibTaTOB  pacneTa  c  3KcnepHMeHTajibHbiMH 
jxaHHbiMH  ,a.jia  pa3JiHHHbix  ycnoBHH  npHMeHeHHa  HnBC,  noKa3ano 
KanecTBeHHoe  cooTBeTCTBHe  Me^y  pacneTHbiMH  h  SKcnepHMeH- 
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TajibHbiMH  onopHbiMH  paAaMH  HFIBC  no  hx  HarpyacaiomeH  h  MeTa- 
TenbHon  cnoco6HOCTH. 

*  Modeling  of  Throwing  and  Loading  Ability  of  Low  Density  Explosives , 
S.G.Andreev,  M.M. Boiko,  N.A.Imkhovik,  I.P.Machneva,  V.S.Soloviev 
(Moscow  State  Technical  University,  Moscow) 

0>OPMHPOBAHHE  TEnJIOBOrO  CJIOH  HA 
OCECHMMETPHHHOM  KOHTAKTE  CKOJIb5KEHHfl  B 
PE2KHMAX  <E>PHKHHOHHOrO  TEnJI00EPA30BAHHfl 

C  H3HOCOM 

A.B.ATTeTKOB,  H.K.  Bojikob 

Mockobckuu  zocydapcmeenubiu  mexHmecKuu  ynueepcumem,  Poccur 

B  npo6neMe  yAapHO-BOAHOBOH  nyBCTBHTeAbHOCTH  oco6oe  MecTO 
3aHHMatoT  MCcneAOBaHHH  MexaHH3MOB  TennoBon  AnccnnaLtHH  b  reTe- 
poreHHbix  3HepreTHnecKHX  MaTepnaAax  (3M)  npn  AHHaMHnecKHX 
B03AeitcTBHHX.  TeTeporeHHOCTb  CTpyKTypbi  3M  HBAaeTca  npnHHHOH 
B03HHKH0BeHHH  HeoAHopoAHbix  noAen  Hanpa>KeHHH,  AetjiopMaijHH  H 
TeMnepaTyp,  hto  CBA3aHO  c  npoaBAenneM  3(jxj)eKTOB  Me30MacuiTa6Hbix 
ABHACeHHH  H  npHBOAHT  K  o6pa30BaHHio  B  yAapHO-c>KaTOM  3M  TaK  Ha- 
3biBaeMbix  ropHHHx  TOHeK  -  A0KaAH30BaHHbix  oSnacTen  AHHaMHne- 
ckhx  neperpeBOB. 

HecMOTpa  Ha  HHTeHCHBHbie  HCCAeAOBaHHH  no  paccMaTpHBaeMOH 
npo6neMe  oTKpbiTbiM  ocTaeTca  Bonpoc  o  MexaHH3Max  AOKaAH3an,HH 
3Heprnn  yAapHoro  caca™  b  reTeporeHHbix  3M,  coAepwamnx  Bbico- 
KonnoTHbie  AncnepcHbie  BKAioneHna.  OTAHAHTeAbHaa  ocoGeHHOCTb 
AHHaMHHecKoro  noBeACHHa  3M  AaHHoro  KAacca  -  B03M0>KH0CTb  npo- 
HBAeHHH  3(|)(j)eKTOB  npOHHKaiOlAHX  nepeMemeHHH.  HHepUHOHHbIM 
paccAoeHHeM  cj>a3  reTeporeHHbix  3M  c  AHcnepcHbiMH  BKAiOHeHHflMH, 
HeH36e>KHO  COnpOBO>KAaeMbIM  B3aHMOAeHCTBHeM  npOUeCCOB  (JjpHKlJH- 
OHHOrO  Tenn006pa30BaHH5I  H  H3HaLUHBaHHH  Ha  CKOAb3flmeM  KOHTaK- 
ie,  MO>KHO  o6bHCHHTb  HX  HOBblLUeHHyiO  yAapHO-BOAHOByK)  HyBCTBH- 
TenbHOCTb  no  cpaBHeHHK)  c  roMoreHHbiMH  3M. 

B  AOKJiaAe  o6o6maiOTCJi  pe3yAbTaTbi  HCCAeAOBaHHH  no  npo6neMe 
4)OpMHpOBaHHH  TenAOBOTO  CAOH  Ha  OCeCHMMeTpHHHOM  KOHTaKTe 
CKOAb>KeHHH  npH  TpeHHH  C  H3HOCOM.  MaTeMaTHHeCKAH  MOA^Ab  HCCAe- 
AyeMoro  npouecca,  vAHTbiBaiomaa  TeMnepaTypHyio  3aBHCHMOCTb  ch¬ 
aw  TpeHHJI  H  B3aHMOACHCTBHe  npOUeCCOB  (^pHKLJHOHHOrO  TenAOOSpa- 
30BaHHH  H  H3HaiHHBaHHe  Ha  HeCTaUHOHapHOM  CKOAb3«meM  KOHTaKTe, 

HMeeT  bha: 
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00 

dr 


1  0  [  00 
p0pv  dp 


,  (p>R(t),t>0) 

e(p,0)  =  0; 


_p^^^lp=R,,)  =  <p(T){1-0(p,T)lp=R(,)}' 

PeajTM3yeMbiH  pe>KHM  4)pHKqnoHHoro  Tennoo6pa30BaHHa  oaho- 
3HanHO  ycTaHaBJiHBaeTca  KOHKpeTH3aijHeH  BHAa  (jjyHKUHH  cp(t),  a  3a- 
KOH  H3HaiIJHBaHHH  -  3aAaHweM  (j)yHKUMH  R(x).  B  HaCTHOCTH,  Ha  yCTa- 
HOBHBixieHCfl  CTaAHH  npouecca  H3HainHBaHHa  R(x)=Cx,  C=const. 

IIOApoSHO  H3yneH  pOKHM  (JjpHKAHOHHOrO  TenA006pa30BaHHfl 
npH  oTcyTCTBHH  H3HOca  Ha  CKOJib3ameM  KOHTaKTe  (R(x)=R=const  ). 
riojiyHeHo  o6o6meHHe  HHTerpajibHoro  npeo6pa30BaHHa  Be6epa  h 
npeAAO>KeH  aHanuTHHecKHH  mctoa  peweHHa  hcxoahoh  3aAann,  ocho- 
BaHHbiH  na  pacmenjieHHH  «Apa  o6o6meHHoro  HHTerpajibHoro  npeo6- 
pa30BaHHH  Be6epa  no  npocTpaHCTBeHHon  nepeMeHHOH  p.  AHanwrane- 
ckh  3aMKHyTaH  (fopMa  npeACTaBAeHHH  pemeHHH,  onpeAenaiomero 
TeMnepaTypHoe  none  b  o6nacra  pe[R,oo)  npH  npoH3BonbHOM  3aKOHe 
(p(t)  ABH>KeHH5I  OCeCHMMeTpHHHOrO  HCTOHHHKa.  HMeeT  BHAi 


e(p,x)  =  --))  ^T^rr<p(t)exp  {-A2  (t  -  t)}XdtdX; 

K(p,A,t)  -  (l/2)[(a  +  ip)H'0'l(>,p)  +  (a  -ip)H<2,(XP)  ], 

a  =  cp(t)  Y0  (AR)  +  X  Y,  (AR),  P  =  cp(t)J0(AR)  + AJ,(AR). 

(Jv(«)  h  Yv(#);  v=0,l  -  4)yHKHHH  Eeccena  1-ro  h  2-ro  poAa  cootbctct- 
BeHHO,  H0(*)  -  4)vhkuhji  raHKena  ). 

PiccjieAOBaHO  BnnaHHe  atJxjDeKTOB  H3HaiuHBaHHH  (R(x)=Cx)  Ha 

npouecc  (j)OpMHpOBaHHH  TenJIOBOrO  CJIOJI  Ha  OCeCHMMeTpHHHOM  KOH¬ 
TaKTe  CKOJibweHHH  b  pa3AHHHbix  pencnMax  (|)pHKUHOHHoro  Tennoo6- 
pa30BaHna.  lloKa3aHo,  hto  H3HauiHBaHne  KOHTaKTupyiomux  noBepx- 
HOCTew  b  nponecce  (J)pHKUHOHHoro  HarpeBa  npnBOAHT  k  cHHnceHHio 
BenHHHHbi  npeAenbHO  AonycTHMoro  pa3orpeBa.  TeopeTHHecKH  o6oc- 
HOBaHO,  hto  Ana  BbicoKonnaBamuxca  3M  (oktotch,  reKeoreH,  T3H) 
TeMnepaTypa  nnaBneHHH  HBnaeTca  BepxHen  rpaHHiiew  MaKCHManbHO 
AocTH>KHMoro  pa3orpeBa  Ha  CKonb3auueM  KOHTaKTe.  B  TO>Ke  BpeMa, 
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fljl H  JierKOnJiaBKHX  3M  (TpOTHJl)  B03MO)KHOCTb  peaJIH3aqHH  pe>KHMOB 
(jjpHKUHOHHoro  Tenjioo6pa30BaHHH  c  o6pa30BaHHeM  >kh,hkhx  npocno- 
eK  B  TOHKHX  nOBepXHOCTHbIX  CJIOflX  KOHTaKTHpyiomHX  MaTepHajioB  H 
AOCTH)KeHH5i  b  hhx  3HaHMTejibHbix  neperpeBOB,  coxpaHaeTCfl. 

Pa6oTa  BbinojiHeHa  npH  (J)HHaHCOBOH  no,zmep)KKe  PoccHHCKoro 
(j)OH/ia  (j)yHAaMeHTajibHbix  Hccjiea,OBaHHH  (ko ji  npoeKTa  96-03-32193). 

THERMOMECHANICAL  MODEL  OF  SOLID  PHASE 
DETONATION  OF  LEAD  AZIDE 

Knyazeva  A.G.,  Dyukarev  E.A. 

Institute  of  Strength  Physics  and  Materials  Science,  Siberian  Branch  of 

RAS,  Tomsk,  Russia 

The  heavy  metal  azides  are  the  classical  object  of  investigations  in 
physics  of  combustion  and  explosion  of  condensed  systems.  They  are 
able  as  to  the  slow  thermal  decomposition  and  so  to  the  detonation  in 
classical  since.  It  is  known,  that  the  reaction  product  does  not  cross 
into  gas  phase  until  crystal  decomposes,  and  stays  in  solid  matrix  in 
absorbed  or  dissolved  state  due  to  crystal  fracture.  The  special  experi¬ 
mental  study  in  this  region  allows  to  assert  that  appearing  during 
chemical  reaction  temperature  gradient  and  difference  in  molecular 
volume  of  reagent  and  product  lead  to  appearance  of  mechanical 
stresses,  the  following  relaxation  of  which  according  to  various  channel 
favours  the  acceleration  of  reaction  of  solid  phase  decomposition.  The 
separation  of  reaction  into  solid  phase  and  gas  phase  stages  and  the 
basic  role  of  mechanical  processes  for  reaction  kinetics  are  typical  for 
any  regime. 

In  this  paper,  the  explanation  of  the  existence  of  two  different  re¬ 
gimes  of  decomposition  (subsonic  and  supersonic)  in  solid  phase  for 
heavy  metal  azides  is  suggested  on  the  base  of  thermomechanical 
model  of  solid  phase  combustion,  where  the  thermal  expansion  and 
change  of  substance  volume  during  chemical  conversion  are  taken  into 
consideration.  The  analysis  of  numerical  results  has  shown  that 
"deformation"  mechanism  of  energy  transfer  is  basic  for  solid  phase 
detonation  wave,  and  thermal  conductivity  gives  only  spreading  of  this 
wave  front,  that  has  observed  in  classical  detonation.  The  subsonic  re¬ 
gime  of  reaction  propagation  may  be  called  as  thermal,  since  energy 
transfer  happens  here  by  thermal  conductivity.  The  heat  release  due  to 
chemical  reaction  and  due  to  thermal  expansion  tells  on  the  energy 
balance  of  system  in  various  ways  for  different  regimes.  The  qualitative 
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investigation  has  allowed  to  assert  that  basic  change  of  density  goes  in 
the  region,  where  the  reaction  is  completed,  if  wave  is  subsonic,  and 
density  changes  into  reaction  zone,  if  wave  is  supersonic.  The  calcula¬ 
tions  of  temperature  and  rate  of  reaction  wave  are  carried  out  for  other 
explosives,  for  which  the  role  of  mechanical  processes  is  suggested  as 
important  on  the  base  of  experimental  dates.  That  allows  to  find  from 
inverse  problem  solution  the  new  parameter  (nondimensional  coeffi¬ 
cient  of  concentration  expansion),  included  in  thermomechanical 
model  of  combustion.  The  numerical  dates  satisfy  the  experimental  in¬ 
vestigations. 

The  fracture  in  reaction  zone  (by  kinetic  law)  and  the  corre¬ 
sponding  heat  effect  are  taken  into  consideration  in  improved  variant 
of  mathematical  model.  It  is  received  that  chemical  reaction  wave  runs 
along  the  complete  destructing  specimen  as  for  slow,  so  for  quick  re¬ 
gime,  It  was  detected  that  product  output  is  approximately  35  %,  that 
aggries  also  with  experimental  dates. 
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THE  NON-EXPLOSIVE  CHEMICAL-ACTIVE  ADDITIVES 
INFLUENCE  ON  EXPLOSIVE  DECOMPOSITION  UNDER 
LOW  VELOCITY  MECHANICAL  AND  SHOCK  WAVE 

EFFECTS 

S.G.Andreev 

Moscow  State  Technical  University,  Moscow 

One  of  tendencies  to  improve  the  correlation  efficiency  and  explo¬ 
sive  hazard  of  energetic  materials  (EM)  is  the  usage  of  moderate  quan¬ 
tity  additives,  that  influence  on  the  final  composition  of  decomposition 
products  (DP)  and  on  the  heat  of  reaction  is  inessential.  Under  these 
conditions  the  EM  explosive  performances  changing  is  worked  for 
achieving  largely  on  account  of  additive  property  to  inhibit  chemically 
the  processes.  These  properties  supplement  physical  effect.  These  addi¬ 
tives  can  be  named  as  non-explosive  non-energetic  chemical-active  ad¬ 
ditives  (NCAA).  The  NCAA,  considered  in  this  study,  are  introduced 
into  charge  as  films,  powders  on  external  free  surfaces  of  EM  particles. 

The  practical  part  of  the  problem  of  EM  desensibilization  makes 
necessary  the  investigation  of  NCAA  influence  on  the  explosive  proc¬ 
ess  development  under  different  dynamic  mechanical  effects  (which  are 
most  probable  at  EM  application).  The  EM  performances  of  sensibility 
to  mechanical  low-velocity  impact,  dynamics  of  energy  liberation  in 
weak  shock  waves  (SW)  and  detonation  capability  largely  define  the 
EM  danger  under  these  effects.  The  information  about  NCAA  influ¬ 
ence  on  those  performances  is  useful  and  for  the  theory  of  EM. 

The  studies  of  numerous  researchers,  (according  to  the  author) 
above  all:  Andreev  K.K.  and  Glazkova  A.P.,  Camlet  M.,  Karpuhin 
LA..  Walker  F.E„  Wasley  R.J.,  Kondrikov  B.N.,  Svetlov  B.S.,  pub¬ 
lished  in  50th-70th,  established  the  basis  of  qualitative  theory  of  EM 
sensorialization  by  NCAA.  The  publications  devoted  to  practical  ap¬ 
plication  were  apparently  started  in  70th-80th.  It  is  necessary  to  note 
the  publications  of  Walker  F.E.,  Wasley  R.J.,  Schur  J.M.  with  co- 
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authors.  At  the  same  time  the  publications,  devoted  not  immediately  to 
NCAA,  but  expanded  considerably  the  conception  on  efficiency  of 
NCAA  influence  at  explosive  EM  performances,  had  appeared.  In  the 
study  the  various  information,  directly  or  indirectly  devoted  to  NCAA, 
is  discussed.  It  is  connected  with  that  the  NCAA  efficiency  is  appeared 
as  a  result  of  juxtaposition  of  influence  of  physical  and  chemical  prop¬ 
erties  of  charge  compounds  and  it's  structure  on  explosive  EM  per¬ 
formances. 

The  influence  of  last  three  factors  is  discussed  within  the  frame¬ 
work  of  existed  apprehensions  (or  their  generalizations)  about: 

•  decomposition  velocity  field  heterogeneities  in  gas-dynamic 
macrohomogeneous  reacting  material; 

•  initiation  mechanism  of  initial  act  of  molecule  decomposition; 

•  the  role  of  derivative  reactions  of  EM  molecule  decomposition; 

•  itemized  (expanded)  conception  of  hot  spots  (HS)  and  decompo¬ 
sition  hearts  (DH); 

•  the  influence  of  HS  structure  on  formation  DH; 

•  homogeneous  thermal  EM  decomposition  (including  reactions  at 
C02-laser  radiation  of  molecule  bunch  and  EM  thin  film)  and  defor¬ 
mation-catalytic  EM  decomposition  in  HS; 

•  the  influence  of  micro-  and  macro-structural  heterogeneities  of 
charge  on  HS  and  DH  formation; 

•  the  critical  conditions  of  explosive  transformations  propagation. 

With  a  view  to  simplify  the  problems  of  peculiarities  extraction  of 

NCAA  chemical  properties  influence  on  sensibility  performances  and 
EM  detonation  capability,  the  mixture  of  one  of  the  most  explored  ma¬ 
terial  -  RDX  with  various  additives,  including  N02  radical  traps  -  is 
considered.  On  the  basis  of  generalizations  of  author's  experiment  re¬ 
sults,  experimental  and  theoretical  studies  of  other  researchers  the  fol¬ 
lowing  conclusions  and  hypothesises  were  made. 

HS,  formed  under  dynamic  mechanical  effects,  should  be  gener¬ 
ally  considered  as  the  areas  of  thermal  and  deformation -catalytic  reac¬ 
tion  acceleration  before  explosive  appearance.  Initial  molecule  decom¬ 
position  mechanisms  of  the  same  material,  proved  in  HS,  can  be  vari¬ 
ous,  described  by  theories,  including  simplest  thermal,  molecular- 
dynamic,  quantum-mechanical.  The  reaction  evolution  up  to  final  DP 
in  HS  largely  depends  upon  phase  state  of  reagents  in  HS  and  HS 
structure.  The  NCAA  introduction  into  EM  charge  imminently  results 
in  changing  it’s  initial  and  gained  structure.  Thus  NCAA  influence  on 
sensibility  performances  and  detonation  capability  not  only  through 
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influence  on  chemical  mechanisms  but  through  traditional  factors 
analyzed  in  sensorialization  problems. 

Direct  additives  chemical  influence  on  EM  explosive  performances 
are  connected  with  catalytic  direction  of  transfer  process  of  EM  and 
NCAA  into  final  DP  and  capability  of  NCAA  and  its  decomposition 
product  to  connect  active  intermediate  DP  (radicals).  For  nitroamins 
and  numerous  other  EM  of  CH(N02)  group  such  initial  products  are 
N02  radicals.  For  the  first  stage  of  EM  decomposition  NCAA  can  in¬ 
fluence,  apparently  mediate,  by  changing  molecular  interaction  at  the 
areas  of  matrix  distortions  and  inter-phases. 

The  additive  "non-chemical  influence"  on  charge  decomposition 
are  generally  connected  with  structural  (micro-structural)  changing 
physical  and  mechanical,  realign,  thermal  and  physical,  thermody¬ 
namic  and  gas-dynamic  factors.  These  factors  influence  on  distinctive 
features  of  HS  formation  and  DH  development. 

In  general  NCAA  can  differently  influence  on  reaction,  defining 
the  HS  ignition  (DH  concentration),  and  reaction,  defining  the  DH 
growing  (to  change  burning  rate  around  DH).  NCAA  selectively  affect 
on  reactions,  defining  EM  sensibility  to  mechanical  impact,  weak  SW, 
detonation  capability.  The  distinctive  features  of  this  appearance  were 
noticed.  Although  there  are  grounds  to  assume  the  NCAA  action 
similarity  on  EM  decomposition  under  weak  SW  and  EM  detonation 
capability. 

The  charges,  based  on  RDX  with  similar  (before  pressing)  initial 
disperse  and  close  porosity  after  pressing  at  availability  in  desensitizing 
additive,  spread  on  the  surface  of  initial  EM  crystals,  trap  properties, 
are  noticed  the  minimal  detonation  capability.  This  effect  is  considered 
within  the  framework  of  discussion  about  charge  structure  influence  on 
they  detonation  capability  and  decomposition  velocity  in  strong  SW. 

The  EM  desensibilization  efficiency  of  NCAA,  fixed  on  the  grain 
surface,  is  largely  limited  by  the  fact,  that  DH  can  be  formed  not  only 
on  the  crystal  surface  but  on  inter-grain  defects,  unapproachable  for 
NCAA  at  DH  forming  stage. 
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EFFECT  OF  GLASS  MICROBALLOONS  ON  SHOCK 
SENSITIVITY  OF  MODEL  PBX 

B.A.  Khasainov,  M.K.  Sukoyan,  B.S.  Ermolaev,  A.A.  Sulimov, 
A.A.  Borisov,  Yu.M.  Mikhaylov,  H.-N.  Presles* 

Institute  of  Chemical  Physics,  Moscow,  Russia;  *  LCD,  CNRS,  Futuro- 

scope ,  France 

Shock-to-detonation  transition  (SDT)  in  plastic  bonded  explosive 
sensitized  by  thin-walled  glass  microballoons  (GMBs)  is  investigated 
using  modified  wedge  test.  The  special  technique  is  developed  to  pre¬ 
pare  mixtures  of  practically  nonporous  matrix  (comprising  HMX  and 
inert  binder)  with  GMBs,  that  allows  one  to  control  and  vary  easily 
characteristics  of  microstructure  of  heterogeneous  PBX  in  a  well  de¬ 
fined  range.  Porosity  of  tested  PBX  was  varied  from  1.8%  to  IO.8/0 
and  GMB  specific  surface  area  from  2.5  mm1  and  18  mm1.  GMBs  of 
five  different  kind  with  diameter  ranging  from  20-45  pm  to  100-125  pm 
were  used.  Four  of  five  kinds  of  GMBs  had  practically  the  same  wall 
thickness  to  diameter  ratio,  i.e.,  *1.5  pm/(45-63  pm),  while  the  fifth  one 
had  nearly  3  times  smaller  relative  GMB  wall  thickness,  namely,  *0.5 
pm /(50-63  pm). 

Effect  of  GMB  concentration,  size  and  wall  thickness  on  run  dis- 
tance  to  detonation  at  different  amplitudes  of  triangular  shock  wave 
(5-8  ps  long)  entering  40-mm  diameter  explosive  sample  was  studied. 
Run  distance  to  detonation,  L,  decreased  from  ~10  mm  both  for  non¬ 
porous  and  porous  samples  at  impact  pressure,  P,  of  *>3.5  GPa  to  *4.5 
mm  for  the  nonporous  matrix  and  to  «3  mm  for  explosive  sensitized  by 
thicker-walled  GMBs  at  impact  pressure  *>8  GPa.  At  low  pressures  sen¬ 
sitizing  effect  of  GMBs  is  not  observed.  For  the  matrix  experimental 
data  are  described  as  L=34.9/P°-95±<>09  with  [L]=mm  and  [P]=GPa 

(R2=0.94).  .  ... 

Thus,  GMB-sensitization  effect  in  the  tested  multi-component 
heterogeneous  explosive  is  weaker  than  could  be  expected  based  on 
available  data  for  heterogeneous  individual  explosives  which  demon¬ 
strate  existence  of  linear  correlations  between  different  shock  sensitiv¬ 
ity  characteristics  and  specific  surface  area  of  heterogeneous  explosives 
[see  review  by  Khasainov  B.A.,  Ermolaev  B.S.,  Presles  H.-N.,  Vidal  P. 
(1997)  On  the  effect  of  grain  size  on  shock  sensitivity  of  heterogeneous 
high  explosives.  Shock  Waves  7:89-105]. 
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This  trend  can  be  attributed  to  a  layer  of  inert  binder 
(polybutadiene)  separating  HMX  and  GMBs.  Mean  thickness  of  this 
binder  film  amounts  to  a  few  micrometers  that  can  provide  efficient 
thermal  protection  of  HMX  grains  from  potential  hot  spots  resulting 
from  GMB  collapse.  This  conclusion  is  supported  by  comparison  of 
experimental  data  for  thinner-  and  thicker-walled  GMBs.  Indeed,  at 
the  same  parameters  of  plane  wave  generator  and  at  the  same  porosity 
of  studied  explosive  material  the  thinner-walled  GMBs  provide  signifi¬ 
cantly  smaller  run  distance  to  detonation  than  do  thicker-walled 
GMBs.  The  protective  effect  of  binder  film  becomes  less  important  as 
impact  pressure  grows. 

At  relatively  high  impact  pressures  the  run  distance  to  detonation, 
L(P*=Const),  linearly  increases  as  reciprocal  GMB  specific  surface 
area  is  increased  at  constant  thickness  of  GMB  walls.  The  smaller 
thickness  of  GMB  walls,  the  higher  the  slope  of  L(\/As)  dependence. 

The  model  of  hot  spot  initiation  and  growth  in  heterogeneous 
PBX  sensitized  by  glass  microballoons  is  proposed  and  coupled  with 
“macroscopic’’  one-dimensional  gasdynamic  model  of  shock-to- 
detonation  transition.  Results  of  calculations  reasonably  agree  with 
experimental  trends,  particularly,  on  the  effect  of  wall  thickness  and 
specific  surface  area  of  GMBs  on  dependence  of  run  distance  to  deto¬ 
nation  on  impact  pressure  P.  The  model  predicts  also  shock  sensitivity 
reversal  effect  for  the  dependence  of  L(P*)  on  MAS  when  porosity  of 
explosive  material  approaches  30-40%.  The  higher  GMB  wall  thickness 
and/or  thickness  of  binder  film  separating  HMX  crystals  from  GMBs, 
the  lower  the  efficiency  of  GMB  voids  in  local  ignition  of  HMX,  that  is 
both  binder  and  glass  layers  can  provide  efficient  thermal  protection  of 
HMX  crystals,  especially,  at  low  impact  pressures.  Nevertheless,  there 
are  still  important  difficulties  in  describing  hot  spot  growth  stage  in 
shocked  heterogeneous  explosives. 
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MODELLING  OF  DETONATION  PARAMETERS  OF 
FLUORINE  CONTAINING  HE  AND  TIIIER  CONPOUNDS 
WITH  ALUMINUM 

N.A.Imkhovik 

Moscow  State  Technical  University,  Moscow,  Russia 

The  production  of  high  energetic  HE-oxidizers  containing  active 
fluorine  and  active  oxidizer  in  molecular  is  one  of  the  perspectives  of 
the  further  development  of  explosive  compounds  and  rising  of  rocket 
propellants  power.  As  an  example  of  such  materials  development  in  the 
paper  [1]  a  number  of  unique  chemical  compositions  is  presented  in¬ 
cluding  fluorine  containing  oxidizer  (C4  H4  Ns  O10  F4)  of  high-density 
possessing  record  blasting  properties  in  a  compound  with  aluminum  at 
present. 

Detonation  parameters,  equilibrium  compound  and  detonation 
products  (DP)  properties  have  been  analyzed  on  the  base  of  thermody¬ 
namic  calculations  over  a  wide  range  of  liquid  and  solid  fluorine  con¬ 
taining  HE  and  their  mixtures  with  fine  aluminum  powder  in  the  pa¬ 
per.  Some  tentative  containing  fluorine  materials  with  C-F,N-F,0- 
F  linkages  and  based  on  them  compounds  of  high  energy  concentra¬ 
tion  in  unit  of  volume  have  been  considered. 

The  comparison  of  thermodynamic  calculation  results  with  avail¬ 
able  test  data  for  10  fluorine  containing  HE  showed,  that  the  average 
value  of  deviation  module  (when  calculating  by  BKW)  is  about  3%  in 
detonation  velocity  and  10%  in  DP  at  Chapman-Jouget  point,  that  is 
worse  generally,  than  for  conventional  and  well  studied  CHNO-HE 
(relative  error  does  not  exceed  2%  in  detonation  velocity  and  5%  in 
pressure  for  more  than  50  CHNO-HE). 

The  character  of  changes  of  on  the  base  of  CNF-,  CHNF-, 
CHNO-  and  CHNOF-HE  of  the  current  DP  composition,  specific  re¬ 
action  heat  tjpT  and  ratio  of  specific  heats  k  at  isentropic  expansion 
from  Chapman-Jouget  condition  has  been  studied.  The  change  of 
composition  and  properties  of  fluorine  containing  HE  DP  is  connected 
especially  with  content  decrease  of  CF4  dominating  at  high  pressures 
and  HF  content  increase.  At  low  pressures  multi-atoms  molecules  CF4 
in  equilibrium  composition  of  DP  are  practically  absent  (hereupon 
they  are  not  found  experimentally  in  calorimetric  tests  [2]),  and  HF 
content  is  approaching  to  the  maximally  probable  value.  The  last  one 
results  in  average  molecular  mass  decrease  of  gaseous  DP  and  im¬ 
provement  of  their  performances  as  an  working  medium.  In  default  of 
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hydrogen  in  HE  molecular,  as  for  example  in  PFB  mixture,  base  com¬ 
ponents  of  DP  are  N2,  CF4  h  C  COnd.  and  their  content  at  isentropic  ex¬ 
pansion  is  not  changing  practically.  This  peculiarity  (DP  composition 
permanency)  is  preserved  and  for  stoichiometric  (in  A1F3)  mixture  with 
aluminum.  On  account  of  high  temperatures  aluminum  fluorides  are 
present  in  DP  as  gases.  However  the  gaseous  phase  content  and  for 
PFB,  and  for  its  mixture  with  A1  is  very  low  (only  from  12  to  13  moles 
per  HE  kilogram  in  comparison  with  form  30  to  38  moles  for  other 
fluorine  containing  HE).  The  consequence  of  that  is  comparatively  low 
velocities  and  pressures  of  detonation  of  stoichiometric  compounds,  in 
spite  of  high  heats  of  their  explosive  decomposition  Qpt  [2]. 

In  addition  AIF3  may  be  present  not  always  in  DP  in  a  gaseous 
form.  Calculations  have  indicated  for  A1  mixtures  with  more  energetic 
HE  (including  HE  with  C4  H4  N8  O10  F4),  that  the  highest  aluminum 
fluoride  in  Chapman-Jouget  flat  exists  as  a  condensed  phase.  At  DP  is¬ 
entropic  expansion  the  pressure  decreases  intensively  and  at  a  certain 
stage  (A1F3  )cond.  passes  into  a  gas.  However,  as  DP  expanse  further,  the 
temperature  becomes  lower  than  1600  K  and  (AlF3)gas.  are  completely 
condensed. 

Although  the  question  of  A1  reaction  degree  in  Chapman-Jouget 
flat  is  open  even  for  CHNO-HE  [3],  the  DP  expansion  character  at 
plates  and  shells  blasting  by  HE  charges  have  indicated  the  sufficiently 
rapid  oxidizing  of  fine  A1  particles  in  detonation  wave  (during  instants 
from  several  units  to  several  tens  of  ps).  In  this  case  the  realization  of 
the  most  part  of  aluminized  HE  energy  in  effective  forms  of  an  explo¬ 
sion  work  takes  place  at  large  degrees  of  DP  expansion  (explosive  ac¬ 
tion).  The  thermodynamic  calculation  of  the  total  perfect  working  ca¬ 
pacity  of  aluminized  HE  DP  has  been  performed,  and  the  evaluation  of 
their  potential  blasting  action  at  different  (characteristic  for  cylinder- 
test)  DP  expansion  degrees  and  various  assumption  of  aluminum  reac¬ 
tion  degree  has  been  presented. 
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3KCIIEPHMEHT  AJEbHOE  HCCJIEflOBAHHE 
riPOLlECCA  B3AHMO^EJtCTBHH  AJIIOMHHHH  C 
nOJIHTETPA4»TOP3THJIEHOM  B  YCJIOBHflX 
y^APHoro  HArpyacEHHH 

A.B.Ctmpob,  B.B.CejiHBaHOB1 

Hu3KHemazum>CKU.u  uhcmumym,  Humhuu  Tazun,  Ypan;  1  Mockosckuu 
zocydapcmeenubiu  mexHuuecKuu  ynueepcumem,  Mooted 

IlpeACTaBJieHbi  pe3ynbTaTbi  3KcnepnMeHTajibHoro  Hccjie^OBaHna 
npoi^ecca  BbICOKOCKOpOCTHOrO  B3aHM0,a,eHCTBHH  60HK0B  H3  IIT03  H 
K0M6HHHp0BaHHbIX  y^apHHKOB,  COJ[l,ep)KaiI|,HX  3JieMeHTbI  H3  IIT03,  c 
nperpa^aMH  H3  amoMHHHeBbix  cnjiaBOB  pa3JiHHHoro  rana.  Haynajiocb 
BJIHflHHe  CKOpOCTH  COy^apeHHH,  MaCCbl,  y/yiHHeHHH  H  <])OpMbI  rOJTOB- 
HOH  HacTH  yAapHHKa  H3  nT03,  ero  HanajibHOH  TeMnepaTypbi,  HajiH- 
HHH  H  TOJimHHbl  MeTaJIJIHHeCKOH  06OJIOHKH,  npHCyTCTBHH  B  COCTaBe 
c6opKH  nopouiKoo6pa3Horo  aniOMHHHfl  n  ApyrHX  (JjaicropOB  Ha  napa- 
MeTpbi  (JiopMHpyiomeHCfl  b  nperpa^e  KaBepHbi  h  conyTCTByiomHe 
nponeccy  ee  o6pa30BaHH5i  3(Jx})eKTbi,  CBH3aHHbie  c  xhmhhcckhm  B3an- 
MO^CHCTBueM  MaTepHana  y,zjapHHKa  h  nperpaAbi. 

3KcnepHMeHTbi  npOBOAHJincb  Ha  6ajuincTHHecKHX  ycraHOBKe,  no- 
3BOJunomeH  MeTaTb  y^apHHKH  /inaMeTpoM  dy  =  13,  23  h  33  mm,  ajih- 
hoh  ot  1  no  12  Kajiw6pOB  co  cKOpocTHMH  300  ...  1500  m/c.  B  KanecTBe 
nperpa^  Hcnojib30Bajincb  jihctw  h  nnHTbi  H3  aniOMHHHeBbix  cnjiaBOB 
AMu,  AMr5,  AMr6,  #16  n  MHorocjionHbie  naiceTbi  H3  Ha3BaHHbix 
MaTepHaJiOB. 

npH  cocTpene  6oiiKaMH  H3  nonwoTHneHa,  36oHHTa,  TeKCTOJiHTa  h 
^TOponjiacTa  no  ajiiOMHHHHCO^ep)KameH  nperpa^e  (AMq)  nojiyneHbi 
KaBepHbi,  oTJTHHaiomHeca  no  cbohm  napaMeTpaM  (Bee  axcnepHMeHTbi 
npOBOflHJIHCb  B  HOpMaJIb,  KHHeTHHeCKaa  3HeprH5I  y/japHHKOB  4>hkch- 
poBanacb).  HanSojibinne  napaMeTpbi  KaBepHbi  no  flnaMeTpy  dK,  rjiy- 
6nHe  hK  n  o6T>eMy  VK  cooTBeTCTBOBann  6o0KaM  H3  <J)ToponjiacTa. 
KpoMe  3Toro  3KcnepHMeHTajibHbie  HCCjne^OBaHHa  noKa3ajin,  hto  npH 
HCn0Jlb30BaHHH  y^apHHKOB  H3  I1T03  H  CKOpOCTJIX  COyMpeHHfl 
I1T03  n  ajnoMHHueBOH  nperpa^Bi  600  m/c  h  Bbirne  Ha  noBepxHOCTH 
KaBepHbi  h  BOKpyr  Hee  o6pa3yeTca  nepHbiH  HaneT  KapSoHnpoBaHHbix 
npo^yKTOB.  C  nenbio  onpe^ejieHHH  hx  cocTaBa  co6paHHbie  H3  KaBep¬ 
Hbi  c  noMombio  npenapoBajibHOH  wrjibi  nacranbi  nepHoro  ijBeTa  no,n- 
BepranHCb  peHireHO(|)a3HOMy  aHamoy,  KOTOpbiH  noKa3an,  hto  nccjie- 
AyeMbie  nacTHUbi  coctoht  H3  MeTajuiHHecKoro  amoMUHHH  h  t^TOpH^a 
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aJIIOMHHHJI  A1F3.  HepHblH  UBeT  3THX  MaCTHU  BbI3BaH  HaJIHHHeM  Ha  HHX 
ca)KH. 

IlOJiyHeHbl  annpOKCHMHpyiOmHe  3aBHCHMOCTH  OTHOCHTeJIbHblX 

napaMeTpoB  KaBepHbi  (  dk  /  dy;  hk  /  dy;  Vk/ Vy )  ot  ckopocth  coy,ztape~ 
hhh  .zuisi  noJiy6ecKOHeHHbix  nperpaa  h  paccMOTpeHbi  oco6eHHOcTH 
npo6HTHH  CnJIOUIHblMH  H  KOM6HHHpOBaHHbIMH  y^apHHKaMH  KOHeH- 
Hbix  (hn  ~  dy)  H  CJIOHCTWX  nperpafl.  IIpoBefleHa  CKopocTHaa  (froTope- 
rncTpau,nH  npoijecca  coyflapeHHa  (noKa3aBiuaa  HajiHHHe  CBeueHHH 
npcynyKTOB  peaiotHH,  6ojiee  ,zuiHTejibHoro  neM  npH  B03,zteHCTBHH 
HHepTHbix  y^apHHKOB)  h  noJiyneHbi  ouchkh  H36biTOHHoro  AaBJieHHH 
bo  (JjpOHTe  B03AyuiH0H  yflapHOH  BOJiHbi,  reHepwpyeMOH  npH  y/tape 
6ohkob  H3  IIT03  (H  y^apHHKOB,  co/tepHcamux  IIT03  h  amoMHHHH) 
no  ajnoMHHHH  co^epxcameH  nperpa^e. 

*  Experimental  Studying  the  Process  of  Interaction  of  Aluminium  with 
Polytetrafluoroethylene  under  Shock  Compression,  A.V.Styrov,  V.V.Selivanov  ^ 
(Nizhny  Tagil  Institute  at  Ural  State  Technical  University,  Nizhny  Tagil,  Russia; 1 
Moscow  State  Technical  University,  Moscow) 

ON  SHOCK-WAVE  PROPERTIES  OF  CuO/B  MIXTURE 

E.A.Dobler,  A.N.Gryadunov,  A.V.Utkin* 

Institute  of  Structural  Macrokinetics,  Chernogolovka,  * Institute  of  Chemi¬ 
cal  Physics,  Chernogolovka,  Russia 

In  connection  with  recent  interest  in  a  possibility  of  producing 
detonation  in  systems  which  react  without  formation  of  gas-phase 
products  ("gasless  detonation"),  special  attention  should  be  given  to 
condensed  systems  which  react  with  a  considerable  volume  increase.  In 
the  present  work  the  results  of  an  investigation  of  the  shock-wave 
properties  of  a  CuO/B  mix  are  presented.  In  the  course  of  reaction  in 
this  mix  the  volume  increases  substantially  (the  volume  increases  by 
28%,  the  thermal  expansion  effects  not  taken  into  consideration).  The 
experiments  were  performed  on  mixtures  with  components  of  different 
particle  sizes:  20  and  1.6  micron  powders  of  CuO,  5  and  1.5  micron  bo¬ 
ron  powders.  The  pressure  profiles  in  the  coarse  -grained  and  fine¬ 
grained  mixes  of  CuO/B  and  in  a  pure  fine  powder  of  CuO  were  ob¬ 
tained  experimentally.  The  analysis  of  the  received  structures  suggests 
that  the  speed  of  interaction  in  the  system  CuO-B  behind  the  shock 
front  during  at  least  2  mks  is  insufficient  to  affect  the  pressure  profile 
and  does  not  exceed  105  c1.  To  answer  the  question  on  a  possible  depth 
of  transformation  in  the  shock  front  itself,  the  experimentally  received 
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parameters  of  the  shock  adiabates  in  the  system  under  discussion  were 
compared  with  the  theoretical  Hugoniots  designed  using  the  properties 
of  the  components.  In  order  to  estimate  the  thermodynamic  parame¬ 
ters  of  CuO  at  pressures  and  internal  energies  of  the  experimental  con¬ 
ditions,  experiments  on  determination  of  the  CuO  shock  adiabat  were 
also  performed.  The  experiments  have  shown  that  the  equation  of  state 
for  CuO  in  the  range  of  pressures  and  energies  characteristic  of  the  ex¬ 
perimental  conditions  can  be  expressed  in  the  Mie-Gruneisen  form: 
P=K  (R/r0- 1  )+Eyr,  where  P-pressure,  K=150  GPa,  ro  -  density  of  CuO 
at  normal  conditions,  r  -  density,  E  -  specific  internal  energy  and  y=l  - 
Grunaisen  coefficient.  Calculations  have  shown,  that  the  conversion 
depth  of  approximately  15%  is  needed  to  shift  the  theoretically  evalu¬ 
ated  coordinates  of  final  states  in  centre  of  the  region  of  experimental 
results  (near  points  4,  1 1  on  the  Fig.  1). 

The  effect  is  most  distinguished  for  fine-grained  mix  (misplaced 
points  of  8-11)  and  only  slight  in  case  of  coarse-grained  mixtures 
(points  3,4).  Nevertheless,  the  obtained  results  do  not  unequivocally 
support  the  occurrence  of  a  chemical  process  in  the  shock  front.  It  is 
possible  for  example  that  the  effect  is  due  to  a  change  in  the  humidity 
of  the  samples  which  was  not  controlled  by  any  appropriate  procedure. 


Fig.  1 .  Experimental  points  and  evaluated  Hugoniot  of  inert 
CuO/B  mixture. 

Here:  V-the  specific  volume  after  shock,  Voo-  the  specific  volume  of 
zero  porosity  mixture  at  normal  condition.  Points  1-7  -coarse  grained 
mix,  8-13  -  fine  grained  mix. 

The  work  was  supported  by  Russian  Foundation  for  Basic  Re¬ 
search  (grant  N°  96-03-32703a). 
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MODEL  OF  IMPACT  DECOMPOSITION  OF 
POLYTETRAFLUOROETHYLENE 

V.A.Pyr’ev,  V.V.Selyvanov 

Moscow  State  Technical  University,  Moscow,  Russia 

Polytetrafluoroethylene  (PTFE)  —  polymer  with  a  beside  of  ex¬ 
clusive  properties,  that  allows  widely  to  use  it  in  engineering.  The  large 
interest  represents  PTFE  behaviour  at  high  speed  impact.  Several  tests 
have  been  performed  with  an  impact  velocity  of  100-1000  ms-1  with 
cylindrical  projectyle  by  a  diameter  of  30  mm  from  PTFE  on  alumin¬ 
ium  barrier  by  thickness  of  200  mm.  After  impact,  accompanied  by 
flare,  is  observed  condensed  carbon  and  AIF3  in  the  vicinity  of  caverne. 
Formation  of  condensed  carbon  —  this  consequence  of  reactions  in  a 
gas  phase  is  established,  that  at  disintegration  of  a  primary  product  of 
thermal  destruction  PTFE  —  tetrafluoroethylene  (TFE).  Temperature 
of  thermal  disintegration  PTFE  TKp  «  700-1000  K  /l,  2/  not  achieved 
with  shock-wave  compression  and  plastic  deformation  of  sample 
PTFE.  It  can  be  realized  at  local  heating,  at  that  it  not  occurs  on  the 
hot  spot  of  microstructure  of  a  sample  during  passage  shock  wave, 
about  than  results  of  experiments  on  loading  PTFE  powerful  shock 
wave  at  in  short  duration  /3/.  Heating,  depolymerisation  and  explosive 
reaction  TFE  rather  as  macroscopic  shear  deformation  in  PTFE  due  to 
penetration  processs.  He  are  realized  at  low  pressure  at  stages  of  opera¬ 
tion  projectyle  on  a  barrier  in  result  of  high-speed  friction  on  surfaces 
of  microshifts  and  microdestructions,  and  also  at  impact  fragment  of  a 
material. 

With  the  purpose  of  an  estimation  heating  PTFE  at  high-speed 
friction  a  problem  in  statement  similar  /4/,  formation  plastic  and  liquid 
layers  was  decided.  Characteristics  of  high-speed  friction  PTFE  is  re¬ 
vealed:  formation  a  liquid  layer  does  not  come,  in  spite  of  the  fact  that 
the  thermal  condition  of  its  formation  comes  of  units  ps.  It  is  con¬ 
nected  that  because  of  large  meaning  of  viscosity  PTFE  the  second 
condition  on  border  of  layers  —  equality  of  strain  of  shift  of  plastic 
and  liquid  phases  is  not  carried  out.  Account  shows,  that  width  sub¬ 
heating  is  higher  than  melting  temperature  of  a  layer  is  increased,  its 
average  temperature  grows  and  at  the  moment  of  the  order  of  tens  ps 
of  thermal  decomposition  temperature  of  PTFE  becomes  higher. 

1.  TovstonogV.  A.//TBT. -1991.-V.  29.-  JY°2.  P.268-274. 

2.  Panshin  J.  A.,  Malkevich  S.  G.,  Dunaevskaja  C.  S.  Teflon  -  L.:  Chemistry, 
1978.-  263  p. 
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3.  Targanov  V.  I.,  Gugin  J.  M.,  Krupnicov  K.  K.  //  IlMTO.  -  1997.  -V.  38.- 
JVT96.P.  16-21. 

4.  Amosov  A.  P. // Chemical  physics.  -  1982.  -  JVqIO.  P.  1401-1410. 

CREATION  AND  INVESTIGATION  OF  ULTRATHIN 
CHARGES  OF  HE 

D.A.Vlassov 

Saint-Petersburg  State  Technological  University,  Saint-Petersburg,  Russia 

Peculiarities  of  detonation  in  ultrathin  charges  (30-60  mkm)  are 
worth  studying.  The  relation  dcr  =  2  Cx  having  beea  drawn  by 
Y. Khariton  and  used  for  estimation  of  critical  diameters  for  charges 
shows  only  the  fundamental  appointment  of  these  relations.  In  Saint- 
Petersburg  State  Technological  Institute  the  problem  of  creation  of 
charges  with  the  thickness  of  40-60  pm  is  under  consideration. 

The  creation  of  charges  with  such  thickness  using  mechanical  or 
moulding  methods  is  impossible.  We  have  created  the  method  of  get¬ 
ting  layers  of  explosive  materials  and  any  other  organic  substances  of 
any  desirable  low  thickness.  The  idea  of  this  method  deals  with  thermal 
vacuum  -  evaporation  of  explosive  material  using  special  device  VUP-5 
(vacuum  universal  post).  There  is  ho  problem  in  powdering  of  tthe 
layer  on  any  given  solid  basis  (metal  foil,  polymeric  film,  and  any  other 
solid  or  elastic  basis). 

Using  electron  microscopic  investigations  it  has  been  proved  that 
evaporation  of  organic  substances  including  explosive  materials  takes 
place  according  to  the  mechanism  of  fragmentation.  This  means  the 
evaporation  of  tiny  fragments  of  the  crystal.  The  molecular  evapora¬ 
tion  is  the  second  order  problem.  The  level  of  packing  for  fragments  in 
the  powdered  layer  is  rather  great  and  is  about  0,8-0, 9  of  the  monoc¬ 
rystal  density.  The  size  of  fragments  in  the  layer  differs  from  submi- 
crones  to  3-6  pm.  The  value  of  detonation  velocity  for  explosive  mate¬ 
rials  in  the  layer  of  40-100  pm  equals  to  80-92  percents  of  ideal  detona¬ 
tion  velocity  for  the  given  explosive  material. 

The  lowest  value  of  critical  thickness  for  the  layer  has  been  regis- 
trated  for  explosives  in  rows  of  furozane  and  furoxane. 

We  have  also  investigated  some  peculiarities  of  detonation  in  thin 
layer  charges.  Thin  layer  charges  on  solid  and  plastic  basis  made  by 
thermo-vacuum  evaporation  can  be  used  in  minimized  structures  of  in¬ 
dustrial  explosive  logic  and  detonation  setters.The  amount  of  pow- 
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dered  explosive  material  on  the  area  of  1  cm2  of  the  basis  equals  to 
0.012  -  0.615  g  while  the  thickness  of  the  layer  equals  to  about  80  pm. 

INFLUENCE  OF  DETERRENT  ON  DETONATIONABILITY 
AND  SENSITIVE  OF  NITRO AMINE  FOR  BLOW 

N.P  Loginov,  G.N.  Goncharova,  S.N.  Loginova 

Samara  State  Technical  University 

The  main  task  of  our  research  is  studying  of  influence  of  deter¬ 
rents  on  sensitive  and  detonationability  of  thin  layers  of  explosives. 
The  object  of  this  researches  was  NMX  with  additions  of  aromatic 
amins.  The  calculation  of  parametrs  of  ideal  detonation  mixctyre  don’ 
t  differ  from  calculation  for  individual  explosives.  The  difference  in  this 
situation  are  wide  of  zone  of  reaction  and  sizes  of  charge  /  1 , 2  /. 

Basic  formulas  for  calculation  of  speed  of  detonation  are  : 
Dmax=Dl+  A  D  (1  ), 

where  is  Dl-max  speed  of  detonation  of  basic  explosives, 

A  D-  increament  of  speed  of  detonation  of  basic  explosives  with 

density. 

Dmax-  maxi  speed  of  detonation  explosives  . 

For  explosives  contain  organic  additions  or  water  A  D  calculate 

on  next  formula : 

A  D=1.67  Co  (2) 

(results  by  A.  Krivchenko),  where  is  Co-  speed  of  sound  in  addition. 
The  model  for  test  had  been  prepared  by  press-fitting  on  hydravlic 
press  on  pressure  300  Mpa.  On  slab  with  hollow  high  of  pressing  on 
0.05  to  2.5  mm  .Our  tests  had  been  showed  what  NMX’s  high  of  layers 
is  0.7  mm,  high  of  explosives  with  additions  of  3%  deterrent  is  1.2  mm, 
but  high  of  explosives  with  5  %  deterrents  ‘s  additions-2.1  mm.  The 
probability  of  explosives  on  model  N2  with  weight  10  kg  and  high  25 
cm  had  been  100  %  (NMX),  56%  (explosives  wiht  3  %  deterrent  ),  32  % 
(  explosives  wiht  5  %  deterrent ).  Sensitivity  is  70  mm  (NMX ),  100  mm 
(3  %  deterrent),  120  mm  (5%  deterrent). 

This  fact  show  what  product  of  decomposition  had  time  to  tie 
with  chemical  deterrents.  The  proof  of  participation  of  aromatic 
amine’s  moleculas  in  rapid  explosive  reaction  was  received  by  thin 
layer  chromatografic,  ultraviolet  -  intrared-  emission. 
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3KC11EPHMEHTAJILHOE  OIIPE^EJIEHME 
TEnJIOBOrO  30>OEKTA  H  TEMELEPATYPEI 
HHTEHCHBHOrO  PA3JI05KEHHH  CMECEH  nOPOUIKA 
OTOPOnJIACTA  C  PA3JIHHHLIMH  MET  A  JIJI AMH 

B.H.  JlauiKOB,  B.H.  JIo6aHOB,  H.T.  KaiaKOBCKHH,  C.A.  Kjihmob, 
A.A.  Cejie3eHeB,  A.B.  CrpHicaHOB,  *H.A.  Hmxobhk,*B.C. 
CojiosbeB,  *B.B.  CeJiHBaHOB 

P&fll]'  -  BHMH30,  Capoe,  HuocezopodcKan  o6ji.,  *MTTy  um.  H.3. 
EayMam,  Mooted,  Poccm 

H3BecTHO,  hto  b  CMeceBbix  cocTaBax  Ha  ochobc  nopouiKa  (j)Topo- 
ruiacTa  h  pa3JiHHHbix  MeTajuiOB  bo3mo>kho  npoTexaHHe  y^apHo  - 
HHHIJHHpyeMbIX  3K30TepMHHeCKHX  peaKIJHH  [1-3].  KHHeTHKa  XHMHHe- 
ckhx  peaKttHH,  b  yKa3aHHbix  CMeceBbix  cocTaBax,  Majio  H3yneHa.  B 
/jaHHOH  paSoTe  Ha  ochobc  mcto^ob  TepMunecKoro  aHajiH3a  npoBO^H- 
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Phc.  1 .  3aBHCHMOCTb  ckopocth  xHHHecKOH  peaKijHH  ot  TeMnepaTypbi 

1-  C2F4/Ti, 

2-  C2F4/AI, 

3-  nopomoK  4)ToponjiacTa 
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nocb  Hccne/jOBaHHe  khhcthkh  pa3Jio>KeHHfl  noponiKa  (jxroponjiacTa  h 
ero  cMecew  c  nopoimcaMH  MeTamiOB  W,  Zr,Ti,Al.  B  3KcnepHMeHTax 
onpeaejum-  ch  TeMnepaTypHbiH  HHTepBaji  hhtch-  chbhoto  pa3Jio)Ke- 
HHa  COCTaBOB  H  paCCHHTbIBaJTHCb  KHHeTHHeCKHe  KOHCTaHTbl,  XapaKTe- 
pn3yiomHe  3aBHCHM0CTb  cKOpocra  xhmhhcckoh  peaKUHH  ot  TeMnepa- 
Typbi.  H3  paccMOTpeHHbix  cocraBOB  cMecb  Ha  ochobc  noponiKa  (Jjto- 
ponnacTa  h  THTaHa  0Ka3aJiacb  HaH6oJiee  xhmhhcckh  aKTHBHOH.  flna 
naHHOH  CMecH  3K30TepMHHecKaa  peaKUHH  c  o6pa30BaHHeM  ra30o6- 
pa3Hbix  npo^yKTOB  npoTexaeT  npn  bojiee  hh3koh  xeMnepaType,  no 
cpaBHeHHK)  c  ApyrHMH  paccMOTpeHHbiMH  CMecaMH.  PeaKUHH  pa3Jio>Ke- 
HHa  cocTaBa  npOTexaeT  b  y3KOM  TeMnepaTypHOM  HHTepBane 
(AT=20K)  h  hocht  B3pbiBHOH  xapaKTep.  MaKCHMajibHaa  CKOpocTb  pe¬ 
aKUHH  ^ocTHraeTca  npH  TeMnepaType  Tm=:537  C,  pwc.  1 . 

ripoBe,neHbi  onbiTbi  no  onpe/tejieHHio  TennoBoro  aijxjieKTa  peaK- 
Hhh  pa3JToaceHna  cocTaBa  (J)ToponnacT/Ti.  rioJiyneHa  3aBHCHMOCTb  Te- 
naoBoro  3(J)(j)eKTa  ot  MaccoBOH  nojin  THTaHa  b  CMecH.  Pe3yjibTaTbi 
onbiTOB  noKa3ajiH,  hto  MaKCHManbHbiH  TennoBOH  3<j)(})eKT  (—4.7 
K,H>K/r)  peajiH3yeTca  npn  MaccoBOM  coAepacaHHH  Ti  b  CMecn  45-50%. 
ConocTaBJieHHe  pacneTHbix  h  3KcnepHMeHTajibHbix  3HaneHHH  Tenno- 
BblX  3$(J)eKTOB  XHMHHeCKOH  peaKUHH  pa3JIO>KeHHH  CMeCH  n03B0JIHJI0 
paccHHTaTb  KOHeHHbiH  cocTaB  npo^yKTOB  peaKUHH.  Pe3yjibTaTbi  pac- 
aeTOB  noKa3ajiH,  hto  npn  pa3Jio)KeHHH  CMecn  CzF/Ti  o6pa3yiOTca 
BemecTBa  TiC  h  TiF3  b  paBHOM  MOJibHOM  OTHOiueHHH,  a  TaKace  o6pa- 
3yeTca  yrnepoA  h  ra30o6pa3Hbin  CF4. 

1.  Lindfors,  P.J.  Miller,  J.J.  Davis.  Bulletin  of  the  American  Physical  Soci¬ 
ety,  Program  of  the  1997  Topical  Conference  on  Shock  Compression  of 
Condensed  Matter,  July  1 997,  v.42,  N5,  p.  1 53 1 . 

2.  J  Davis,  A.  Lindfors.  Ibidem,  v.42,  N5,  p.  1 53 1 . 

3.  Wody,  J.  Davis,  S.  Deiter.  Ibidem,  v.42,  N5,  p.  1 532. 

ABOUT  DETONATION  OF  AMMONIAC  NITRATE 
SOLUTION  IN  THE  ORGANIC  ENVIRONMENT 

A.L.  Krivchenko,  D.I.  Isaev,  D.A.  Krivchenko 

Samara  State  Technical  University 

The  mechanism  of  detonation  of  liquid  is  not  studied  completely 
yet.  The  phenomenon  of  pulse  detonation,  that  take  place  in  the  ni- 
tromethane  mixtures  diluted  with  acetone,  is  not  realized  in  the  explo¬ 
sive  solutions  of  the  ammoniac  nitrate  with  hydrozinhydrate,  which  is 
near  by  the  non-organic  nature  of  the  combustible  component. 


140 


The  purpose  of  the  present  work  is  the  investigation  of  the  pos¬ 
sibility  of  detonation  of  ammoniac  nitrate  solutions  in  the  organic 
liquids. 

As  the  solution  of  ammoniac  nitrate  in  the  organic  liquids  multi- 
nuclear  spirit  were  investigated,  in  particular,  glycerin,  in  which  under 
normal  conditions  (293K)  44%  of  ammoniac  nitrate  is  dissolved,  and 
while  increasing  of  temperature  it  is  possible  to  reach  higher  concentra¬ 
tion  of  solutions.  In  the  experiments  explosive  mixtures  with  44%  and 
50%  ammoniac  nitrate  solutions  in  glycerin  were  used.  Notwithstand¬ 
ing  the  fact,  that  explosive  heat  counting  of  the  solution  mass  has  ex¬ 
tremely  low  explosive  heat  (approx.  50  Kcal/kg),  the  solutions  have 
stable  detonation  from  the  standard  detonator  and  in  the  hard  cover 
(steel  pipes  of  50  mm  and  3  mm  wall  thickness)  have  detonation  speed 
of  4000-5000  m/s.  Probably,  it  is  connected  with  resolving  of  the  stoi¬ 
chiometric  part  of  the  solution,  that  is  approx.,  50-58%  of  the  mixture 
volume.  Interesting  feature  of  the  arousing  of  the  detonation  of  the 
mentioned  solution  is  the  possibility  of  its  initiating  by  the  electric 
spark  between  two  electrodes  or  with  the  explosion  by  the  electric  wires 
at  the  energy  of  the  electric  impulse  of  500  J.Probably,  this  particular¬ 
ity  of  detonation  of  the  mentioned  explosive  solutions  is  connected 
with  the  preliminary  synthesis  nitroether  with  the  simultaneous  ammo¬ 
niac  isolation,  producing  the  gas  cavities,  serving  to  spreading  of  the 
detonation  front  the  explosive  solution. 

THERMAL  DECOMPOSITION  OF  ENERGETIC  MATERI¬ 
ALS 

S.  Almada*,  J.  Campos  **  and  J.C.  Gois** 

Laboratory  of  Energetics  and  Detonics,  *  Naval  Explosives  Laboratory, 

Alfeite  -  2800  Almada 

*  *Mech.  Eng.  Depart.  -  Faculty  of  Sciences  and  Technology- 

Polo  II  -  University  of  Coimbra  -  3030  COIMBRA  -  PORTUGAL 

Knowing  the  thermal  behaviour  of  energetic  materials  is  crucial  to  a  safe 
production,  storage,  handling  or  even  demilitarisation.  The  studies  necessary 
to  quantify  the  thermal  decomposition  mechanisms  and  kinetic,  are  usually 
complex  and  an  extrapolation  to  real  scale  could  not  be  acceptable.  To  obtain 
more  accuracy  and  because  many  energetic  materials  are  heterogeneous,  we 
need  to  made  tests  with  a  scale  higher  than  the  classic  methods  but  limited  be¬ 
cause  safety  and  costs. 


141 


An  original  equipment  was  developed  based  in  a  burner  fed  with  a  mix¬ 
ture  of  propane/air  and  a  glass  column  above  which  the  sample,  up  to  500  mg, 
is  placed.  For  a  predetermined  heating  rate,  temperature  and  weight  variations 
were  measured  in  order  to  time.  With  this  equipment  it  was  possible  to  charac¬ 
terise  the  behaviour  after  thermal  initiation:  combustion  or  explosion  of  dif¬ 
ferent  energetic  materials.  This  has  been  useful  to  estimate  the  ignition  tem¬ 
perature  and  delay  and  the  kinetic  parameters. 

The  materials  selected  were,  for  being  typical  cases,  ammonium  nitrate 
(AN),  pentaerythritol  tetranitrate  (PETN),  hexogen  (RDX). 

The  developed  equipment  was  validated  with  the  matching  results  from 
classic  termogravimetric  analysis  (DSC  and  TGA),  with  the  kinetic  approach 
of  Coats  and  Redfern.  With  this  non-isothermal  method,  the  activation  energy 
and  pre-exponential  factor  were  2.10xl05  J  mol-1  and  2.38x1 017  s_1  for  AN, 
1.16xl05  J  mol  and  1.17xl019  s1  for  PETN  and  l.lOxlO5  J  mol  -1  and 
4.95xlOl2s1  for  RDX. 

In  spite  of  the  equipment  limitations  the  obtained  results  were  compared 
with  those  from  some  other  authors  and  seem  to  bee  very  concordant.  Hetero¬ 
geneous  energetic  materials  need  to  be  tested  for  each  lot,  so,  we  need  cheaper 
ways  to  do  it.  With  the  equipment  developed  in  the  present  work  it  will  be  pos¬ 
sible  to  study  those  energetic  materials,  with  lower  costs. 


142 


SESSION  "Shock  Wave  Processes  in  Ceramics 
and  Composites" 

Co-Chairmen: 

S.Novikov  -  Russian  Federal  Nuclear  Center,  Arzamas- 16,  Russia 
A.Rajendran  -  US  Army  Research  Laboratory,  USA 

PHYSICAL  MECHANICS  OF  DEFORMATION  AND 
SPALLING  OF  CERAMIC  MATERIALS 

V.A.Skripnyak,  E.G.Skripnyak 

Tomsk  State  University,  Tomsk,  Russia 

The  modern  computer  technologies  of  designing  of  details  of  machines 
impose  high  requirements  to  adequacy  of  models  of  mechanical  behaviour  of 
materials  and  convenience  of  their  realisation  in  algorithms.  The  requirement 
of.  adequacy  is  most  important  at  designing  ceramic  products,  that  are  loaded 
by  shock-waves  and  intensive  dynamic  loading.  The  description  of  deforma¬ 
tion  and  spalling  of  ceramic  materials  at  shock-wave  loading  represents  a 
complex  problem  in  consequence  of  that  that:  a)  models,  constructed  for  met¬ 
als  and  alloys  do  not  reflect  specifics  of  mechanical  behaviour  of  ceramic  ma¬ 
terials,  do  not  take  into  account  distinction  of  reaction  of  ceramics  under 
compression  and  tension;  b)  the  mechanical  behaviour  of  the  same  ceramic 
materials  under  static  and  dynamic  loading  can  be  qualitatively  different;  c) 
the  mechanical  behaviour  of  ceramic  materials  of  one  class,  but  with  different 
microstructure  and  chemical  composition  can  essentially  differ. 

The  purpose  of  the  work  is  discussion  of  opportunities  of  micro¬ 
mechanical  models  for  the  description  of  mechanical  behaviour  of  construc¬ 
tional  ceramic  materials. 

For  computer  simulation  of  mechanical  behaviour  of  ceramics  in  details 
two  classes  of  models  are  developed  within  the  frameworks  of  approach  of  the 
physical  mechanics.. 

Continual  microdynamical  models  are  analogue  of  the  continuum  me¬ 
chanics  models  with  internal  parameters.  This  class  of  models  can  be  used  for 
numerical  modelling  and  for  computer  simulation  of  deformation  of  solid.  In 
these  models  the  evolution  of  microstructure  of  a  material  under  deformation 
is  described  with  the  help  of  change  of  internal  parameters.  For  the  adequate 
description  of  mechanical  behaviour  of  ceramics  it  is  important  to  set  correctly 
equations,  which  describe  real  processes  of  microstructure  evolution  of  mate¬ 
rials  during  deformation.  As  a  rule,  in  continual  microdynamical  models  the 
non-elastic  deformation  of  ceramic  materials  is  considered  as  result  of  mi¬ 
croshifts,  nucleating  and  opening  of  microcracks. 
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Use  of  microdynamical  models  for  computer  simulation  is  obstructed  by 
the  complexity  of  equations,  which  describe  physical  processes  of  internal 
structure  evolution  in  materials  and  by  the  complexity  of  an  estimation  of 
numerical  meanings  of  factors  of  these  equations.  These  complexities  can  be 
overcome  at  existence  of  the  data  of  experimental  tests  of  mechanical  proper¬ 
ties  of  ceramics  for  private  loading  conditions  and  results  of  study  of  micro¬ 
structure  evolution  in  these  ceramics  under  deformation.  Opportunities  of  con¬ 
tinual  micro-dynamical  models  for  forecasting  of  mechanical  properties  ce¬ 
ramics  behaviour  in  a  wide  range  of  loading's  conditions  are  limited  because  of 
change  of  physical  mechanisms  of  deformation. 

Stochastic  microdynamical  models  represent  the  most  interest  for  com¬ 
puter  simulation  of  ceramic  materials  under  shock  loading.  In  these  models  it 
is  supposed,  that  the  local  mechanical  properties  on  the  meso-scale  structural 
levels  can  substantially  differ  from  the  average  ones.  Introduction  of  distribu¬ 
tion  of  internal  parameters  of  model,  reflecting  structural  non-uniformity  of 
ceramic  materials  allows  to  estimate  distribution  of  local  parameters  of  me¬ 
chanical  state  and  to  take  into  account  the  peculiarities  of  microcracks  genera¬ 
tion  under  loading. 

Models  of  heterogeneous  solid  bodies  are  the  most  perspective  for  fore¬ 
casting  of  mechanical  behaviour  of  new  ceramics,  cermets,  ceramic  compos¬ 
ites,  ceramics  with  martensitic  transformations.  In  these  models  a  ceramic 
specimen  or  it’s  element  is  considered  as  system  of  interconnected  structural 
elements  of  material.  The  models  can  be  used  for  computer  simulation  of  me¬ 
chanical  behaviour  of  ceramic  composites  with  regular  and  stochastic  internal 
structure.  There  is  positive  experience  of  using  of  these  models  for  study  and 
forecasting  of  mechanical  properties  of  multiphase  ceramic  materials. 

It  is  known,  the  technological  methods  which  are  used  for  increasing  of 
strength  of  ceramic  materials,  increase  or  reduce  of  the  level  and  structural 
scale  of  heterogeneity  of  ceramic  materials.  Structural  heterogeneity  of  single- 
phase  polycrystalline  ceramics  can  be  reduced  in  result  of  hot  preliminary 
pressing  and  reduction  of  the  sizes  of  a  grain  of  ceramics.  Degree  of  structural 
heterogeneity  of  ceramic  materials  can  be  increased  in  result  of  introduction  in 
ceramic  material  of  metallic  and  ceramic  structural  elements  of  various  geome¬ 
try  and  sizes,  capillary  dip  infiltration  of  porous  ceramics,  coating  of  ceramic 
specimens  by  the  metal  and  so  on.  The  efficiency  of  these  technological  meth¬ 
ods  for  increasing  of  strength  of  ceramic  materials  at  dynamic  loading  is  inves¬ 
tigated  poorly.  Study  of  peculiarities  of  deformation  and  destruction  of  ce¬ 
ramic  composites  and  polycrystalline  ceramic  materials  with  heterogeneous 
structure  under  shock-wave  loading  by  computer  simulation  method  showed, 
that  distinction  of  mechanical  properties  of  structural  elements  cause  repeated 
many  times  reflection  of  stress  waves  from  boundaries  of  structural  elements. 
High  levels  of  non-uniformity  of  field  of  stresses  and  gradients  of  deformation 
are  developed  on  the  meso-scale  level  of  materials.  In  result  the  local  tension 
can  take  place  when  the  effective  stress  corresponds  to  compression.  The  re¬ 
ceived  results  explain  the  known  experimental  fact  of  increase  of  dispersion  of 
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front  structure  in  unloading  waves  in  ceramic  materials  and  decrease  spall 
strength  of  poly  crystalline  and  multiphase  ceramic  materials. 

EXPERIMENTAL  AND  NUMERICAL  STUDY  OF  CE¬ 
RAMICS  FAILURE  UNDER  HIGH  VELOCITY  IMPACT 

V.A.Gorelski,  V.F.Tolkachev,  S.A.Zelepugin 

Tomsk  Branch  of  Institute  for  Structural  Macrokinetics,  Tomsk,  Russia. 

Experimental  methods  prevail  in  research  of  behaviour  of  ceramics  under 
dynamic  loading  and  the  simplified  models  and  approaches  are  basically  used 
for  estimations.  But  analysis  with  use  of  numerical  modelling  allows  within  the 
framework  of  uniform  mathematical  model  to  investigate  a  process  of  high 
velocity  loading  of  ceramic  target  in  a  wide  range  of  the  initial  conditions.  In 
the  current  paper  both  experimental  investigations  and  numerical  finite  ele¬ 
ments  method  is  used  to  study  peculiarities  of  shock  wave  processes  in  ceramic 
plate  at  impact  by  steel  cylinder.  Failure  kinetic  model  of  active  type  devel¬ 
oped  earlier  for  the  simulation  of  various  metals  fractures  [1]  is  used  for  nu¬ 
merical  simulation  of  ceramics  failure  at  high  velocity  impact.  The  sharp  drop 
of  strength  properties  at  given  values  of  specific  volume  of  cracks  [2]  and  spe¬ 
cific  shear  energy  is  specified  for  this  model. 

Loading  a  ceramic  plate  of  10  mm  thickness  and  of  60  mm  diameter  by 
steel  cylinder  of  7.6  mm  diameter  and  of  25  mm  length  is  considered.  The  ini¬ 
tial  velocity  varied  in  a  range  from  100  up  to  4000  m/s.  Formation  of  vortex 
structures  in  ceramic  plate  under  impact  is  found  out  and  investigated.  The 
basic  factor  to  make  vortex  is  the  interaction  of  waves  of  pressure  with  oppo¬ 
site  signs  in  ceramic  plate.  The  greatest  vortex  development  is  reached  in  area 
of  lateral  surface  of  the  ceramic  plate.  The  change  of  initial  parameters,  such 
as  the  geometrical  sizes  or  the  velocity  of  impact,  renders  essential  influence  to 
formation  of  vortex  structures.  When  in  use  a  steel  plate  of  the  same  sizes  a 
brightly  expressed  vortex  movement  of  a  material  is  not  observed.  The  vortex 
in  the  region  of  the  lateral  surface,  the  most  expressed  vortex  structure  in  ce¬ 
ramics,  in  steel  plate  is  not  formed. 

1.  Gorelski  V.A.,  Zelepugin  S.A.,  Tolkachev  V.F.  Study  of  target  perfora¬ 
tion  under  nonsymmetric  high  velocity  impact  with  the  allowance  for  frac¬ 
ture  and  temperature  effects  //  Bull.  Acad.  Sci.,  Mechanics  of  Solids.  1994, 
no.5,pp.  121-130. 

2.  Gorelski  V.A.,  Zelepugin  S.A.  Mathematical  simulation  of  a  ceramic  plate 
failure  under  an  axisymmetric  high  velocity  impact  //  Strength  of  Materi¬ 
als.  1995,  no.  5-6,  pp.  87-94. 
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FRAGBED2,  A  MATERIAL  MODEL  FOR  GRANULATED 
BRITTLE  MATERIAL 

D.  R.  Curran,  T.  Coope,  R.  W.  Klopp 

SRI  International,  Menlo  Park,  CA,  US. A. 

This  paper  presents  a  mesomechanical  constitutive  model  for  the 
dynamic  deformation  and  flow  of  granulated  brittle  material.  The 
model  treats  the  material  as  a  bed  of  elastic  blocks  that  dynamically 
slide  fictionally  past  each  other  to  produce  "plastic"  deformation.  The 
modeling  approach  describes  the  movement  of  strings  of  interblock  va¬ 
cancies  (macrodislocations),  and  is  very  similar  to  the  approach  taken 
by  atomic  dislocation  models  of  plasticity  in  metals. 

The  model,  called  FRAGBED2,  is  an  extension  of  an  earlier 
model  [Curran  et  al,  Int.  J.  Impact  Engng,  Vol.  13,  No.  1,  pp.  53-83, 
1993].  A  preliminary  discussion  of  FRAGBED2  was  reported  earlier 
[Curran  et  al,  in  Fracture  and  Damage  in  Quasibrittle  Structures,  eds. 
Bazant  et  al,  E  &  F  N  SPON,  1994].  A  complete  description  of 
FRAGBED2  is  in  preparation,  both  as  a  finalreport  to  the  U.S.  Army 
Research  Office,  which  supported  the  work  [R.  W.  Klopp  et  al,  ARO 
Contract  No.  DAAH04-94-K-0001,  1  Jan.  1998],  and  as  a  submission 
for  publication  in  the  open  literature. 

In  FRAGBED2,  dilatancy  and  pore  compaction  are  described 
naturally  as  the  result  of  the  net  flux  of  macrodislocations  in  or  out  of 
a  relevant  volume  element  (RVE).  The  macrodislocations  are  driven  by 
the  net  shear  stress  (applied  shear  stress  minus  frictional  resistance) 
across  a  number  of  pre-specified  slip  planes  in  the  RVE  via  the  Orowan 
equation.  The  macrodislocation  velocity  is  determined  from  block  iner¬ 
tia.  The  blocks  are  allowed  to  undergo  dynamic  comminution  into 
smaller  sizes.  The  comminution  model  assumes  that  each  block  con¬ 
tains  a  flaw  that  has  a  size  equal  to  a  specified  fraction  of  the  block 
size.  The  comminution  is  then  driven  by  the  stress  via  fracture  tough¬ 
ness  relations.  The  comminution  also  causes  nucleation  of  new  macro¬ 
dislocations.  Rate  dependence  is  introduced  via  the  comminution  rate 
and  the  block  inertia.  FRAGBED2  requires  an  initial  block  size  distri¬ 
bution  as  input,  which  may  be  obtained  from  the  initial  grain  size,  the 
initial  joint  spacing,  or  from  prior  dynamic  fracture  and  fragmentation 
calculations. 

FRAGBED2  input  parameters  are  deduced  from  laboratory  ex¬ 
periments  in  which  small  explosive  charges  are  used  to  either  expand 
internal  cavities  in  ceramic  samples,  or  to  collapse  ceramic  tubes.  Ex- 
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ample  hydrocode  applications  with  FRAGBED2  are  shown  for  pene¬ 
tration  of  long  rods  into  Ad995  alumina  confined  ceramic  targets  at 
impact  velocities  of  1.5  and  3.5  km/s.  The  results  are  in  fair  agreement 
with  experimental  data  [Subramanian  and  Bless,  Int.  J.  Impact  Engng, 
Vol  17,  pp  807-816,  1995].  Results  to  date  suggest  that  FRAGBED2 
captures  much  of  the  relevant  physics  that  govern  the  penetration  of 
ceramic  armor.  However,  additional  calculations  and  experiments  are 
needed  to  confirm  this  conclusion.  The  ceramic  material  properties 
that  most  strongly  influence  resistance  to  penetration  appear  to  be  the 
initial  macrodislocation  density  (related  to  the  porosity),  the  initial 
block  size  distribution  (in  some  cases  equal  to  the  ceramic  grain  size 
distribution),  and  the  intergranular  friction. 

Acknowledgements.  The  U.S.  Army  Research  Office  supported 
this  work  (Contract  No.  DAAH04-94-K-0001),  under  the  supervision 
of  Dr.  John  Bailey.  We  are  grateful  to  Dr.  Bailey  for  his  enthusiastic 
support  and  encouragement. 

SHEAR  STRENGTH  OF  ALUMINIUM  COMPOSITE 
UNDER  SHOCK  COMPRESSION. 

YU.V.Bafkov,  S.A.Novikov,  N.D.Fishman  and  G.I.Gray  III 

RENC-VNIIEF,  Sarov  and LANL,  Los-Alamos. 

The  resistance  of  structural  materials  to  plastic  deformation  or  shear 
strength  along  side  with  compressibility,  viscosity  and  elasticity,  is  one  of  the 
basic  reological  properties  of  a  solid,  which  is  needed  to  describe  its  behaviour 
under  high-rate  strains,  including  shock  waves  (SW). 

The  paper  presents  data  obtained  by  experimental  study  of  A  359  (AI  + 
20%  SiC)  aluminium  composite  shear  strength.  The  composite  was  provided 
by  firm  DURAL,  San  Diego,  USA. 

The  shear  strength  characterized  by  dynamic  ultimate  yield  Yg  under  SW 
compression  was  studied  by  measurements  of  main  stresses  ox  (longitudinal) 
and  oy  (transversal)  which  are  described  in  detail  in  ref.  [1].  From  the  view¬ 
point  of  elastic-plastic  model  Yg=ax  -  ay  =  2t  at  gx  >ghe,  where  ghe  -  ampli¬ 
tude  of  Hugonio  elastic  limit,  x  -  shear  stresses. 

By  the  established  considerations  with  a  1-D  deformation  of  elastic- 
plastic  body  in  the  plane  shock  wave: 

ax  =  go  +  2/3Yg  ;  ay  =  ao  -  l/3Yg; 

go  =  (gx  +  2Gy)/3;  Yg  =  (1  -  v/1  -2v)-ghe  at  gx=ghe 

where  go  -  a  ball  constant  of  the  stress  dyadic. 
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In  the  range  of  shock  compression  stresses  from  2.3  GPa  to  22  GPa,  15 
tests  were  accomplished  with  9  types  of  explosive  contact  devices  of  known 

SW  parameters  in  the  shields.  ,  e  , 

The  experiment  results  are  summed  up  in  table  where  in  order  the  fol¬ 
lowing  in  presented:  studied  material,  explosive  loading  device  shield  material, 
mass  velocity  U,  in  the  shield,  measured  velocities  ctx,  ciy,  calculated  average 
stress  ao,  dynamic  ultimate  yield  Yg=ax-ay  and  ratio  oo/ctx  characterizing  non- 
hydrostaticity  of  the  stressed  state  of  the  aluminium  composite  behind  plane 

SW  front.  .  .  ,,v 

The  study  results  have  shown  that  the  dynamic  ultimate  yield  Yg  as  the 

main  stress  difference,  characterizing  the  shear  strength  of  a  shock  compressed 
material  and  determining  the  shock  adiabat  deviation  from  the  quasi  hydro- 
static  compression,  is  almost  constant  and  equals  Yg  =  0,24  GPa  for  the  alu¬ 
minium  composite  in  the  studied  range  of  shock  compression  stresses  ctx  from 
2.3  GPa  to  22  GPa.  High  anisotropy  of  the  stressed  state  behmd  SW  from  in 
the  aluminium  composite  in  the  range  of  low  stresses  (cto/ctx-0.9  at  Ox-2.35 
GPa)  decreases  rather  quickly  with  crx  growth  (even  at  ctx=1T5  GPa 

ao/ox=0.99).  . 

The  similar  constancy  Yg=const  was  earlier  detected  for  ceramics  [2,3]. 

Table 

Resultant  measured  main  stress  in  aluminium  composite 
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ABOUT  DISTRIBUTION  OF  MECHANICAL  STATE 
PARAMETERS  OF  CERMETS  UNDER  HIGH-STRAIN 

RATES 

V.A.Skripnyak,  E.G.Skripnyak,  V.V.KarakuIov 

Tomsk  State  University ,  Tomsk,  Russia 

Prediction  of  mechanical  behaviour  of  composites  at  high  strain  rates  is 
one  of  the  theoretical  problems  of  computer  designing.  The  aim  of  the  work  is 
to  discuss  the  specific  features  of  mechanical  behaviour  of  metal-ceramic  com¬ 
posites  such  as  B4C  +  Al,  AI2O3  +  A!  and  SiC  +  A1  under  shock  wave  loading. 
The  micromechanical  model  of  composite  materials  with  stochastic  internal 
structure  was  used  for  computer  simulation.  Results  of  simulation  of  mechani¬ 
cal  behaviour  of  these  composites  under  loading  of  shock  waves  with  ampli¬ 
tudes  of  5-15  GPa  are  submitted. 

It  has  been  established,  the  non-elastic  mechanical  behaviour  of  such 
composites  at  high  strain  rates  is  caused  by  the  relaxation  processes,  proceed¬ 
ing  on  meso-scale  level  even  though  deformation  of  ceramic  particles  is  elastic. 
Heterogeneity  of  microstructure  of  cermets  composites  causes  the  reflection  of 
shock  and  unloading  waves  on  the  mesoscale  level  and  appearance  high  gradi¬ 
ents  of  deformation.  Thus,  the  distribution  of  parameters  of  mechanical  state 
on  the  meso-scale  level  is  increased  under  dynamic  loading.  The  pattern  of  the 
distribution  of  stress  and  strain  on  the  meso-scale  level  is  changing  in  time. 
Steady  shapes  of  the  distribution  of  stresses  is  achieved  only  after  crossing  of 
the  stress  wave  5-7  structural  elements  (ceramic  particles  and  layers  of  metal ). 
Weibull  distribution  can  be  used  for  describing  of  the  steady  distribution  of 
local  cumulated  values  of  stresses  tensor's  invariant  in  shock  waves  and  release 
waves.  Results  of  computer  simulation  showed  that  the  difference  between 
maximum  and  minimum  stresses  in  distribution  is  high  enough.  It  is  important 
that  there  are  distributions  as  pressure,  so  shear  stresses  in  cermets  under  high 
strain  rates. 

Increase  of  shock  pulse  amplitude  cause  the  growth  of  dispersion  of  me¬ 
chanical  state  parameters  in  the  volume  of  composites.  Degree  of  heterogene¬ 
ity  of  deformation  is  defined  not  only  by  the  composites  microstructure,  but 
also  by  the  shock  pulse  amplitude. 

Increasing  of  specific  volume  of  ceramic  particles  in  materials  with  alu¬ 
minium  matrix  increase  the  effective  Hugoniot  elastic  limit  of  composites.  The 
dependency  of  Hugoniot  elastic  limit  from  specific  volume  of  reinforced  ce- 
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ramie  particles  is  not  linear  in  a  wide  range  of  particles  concentration.  At 
shock  amplitudes  not  above  of  15  GPa  the  values  of  effective  shear  stresses  in 
cermets  are  more  high  than  local  shear  stresses  in  metal  matrix,  but  lower  than 
in  ceramic  particles. 

NUMERICAL  MODELING  OF  DEFORMATION  AND 
FRACTURE  OF  FUNCTIONALLY  GRADED  POROUS 
MATERIALS  UNDER  INTENSIVE  DYNAMICAL 
LOADINGS 

A.V.Gerasimov,  R.A.Krectuleva* 

Applied  Mathematics  and  Mechanics  Research  Institute 
at  Tomsk  State  University 

*  Institute  of  Strength  Physics  and  Materials  Science,  Tomsk,  Russia 

The  varying  of  the  composition  and  the  structure  in  the  direction  of 
spreading  of  shock  waves  may  be  one  of  the  ways  to  influence  on  the  shock 
waves  formation  and  spreading  in  solids.  For  this  purpose  the  content  of  com¬ 
ponents  being  a  part  of  investigated  media  is  to  be  changed  in  the  continuous 
manner  and  according  to  a  certain  law.  The  value  and  the  nature  of  the  distri¬ 
bution  of  the  materials  initial  porosity  have  the  pronounced  effect  on  shock 
and  explosive  loading  process.  Therefore,  the  porosity  may  also  be  distributed 
with  the  thickness  of  the  construction  accordingly  to  certain  dependence. 

Nowadays  materials  having  the  necessary  change  of  properties  in  the 
preset  directions  represent  a  significant  practical  interest.  The  more  so  as  for 
now,  a  number  of  technological  processes  allowing  the  manufacturing  of  such 
materials  exist.  They  are  as  follow:  formation  of  protective  and  strengthening 
coatings  of  powder  materials  (sintering,  plasmic  melting,  gasoplasmic  drifting 
of  powders),  electroimpulsive  welding,  selfspreading  high-temperature  synthe¬ 
sis  process  etc.  By  means  of  these  technologies  it  is  possible  to  create  the  multi¬ 
components  materials  with  fluent  or  fluent-discrete  change  of  properties  in  the 
preset  directions.  These  materials  are  commonly  called  as  the  functionally 
graded  materials  (FGM).  If  in  the  material  the  gradients  of  the  initial  porosity 
are  in  the  addition  to  the  gradients  of  physico-mechanical  properties,  then 
there  results  a  functionally  graded  porous  material  (FGPM). 

The  technologies  in  order  to  receive  FGM  such  as  selfspreading 
hightemperature  synthesis,  electroplasmic  drifting  on,  sintering  and  series  of 
others  don't  guarantee  100  per  cent  of  compactness  of  materials.  The  received 
materials  have  always  the  some  remain  property,  which  as  a  rule  made  worse 
the  operational  properties  of  FGM.  The  additional  technological  operations 
help  to  get  rid  of  porosity,  for  example  the  shock  or  explosive  wringing  out. 
However  to  select  the  necessary  technological  routine  of  the  present  process,  it 
is  necessary  to  know  the  physical  features  of  the  multicomponents  medium 
with  porosity  behavior  in  shock  waves. 
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The  another  main  purpose  of  this  work  is  the  development  of  research 
methods  of  FGPM  deformation  and  fracture  and  discovery  of  the  facts  witch 
promote  to  the  sound  application  of  this  materials  for  providing  the  necessary 
distribution  stress-strain  state  parameters  with  the  volume  of  the  construction 
and  the  increase  of  the  construction  strength  under  shock  and  explosive  load¬ 
ings.  It  can  be  carrying  out  with  using  of  computer  models. 

Authors  have  been  worked  out  mathematical  model  for  investigating  of 
spatial  effects  of  consolidation,  deformation  and  fracture  of  FGPM  under  the 
influence  of  impulsive  loading.  Numerous  computer  experiments  carried  out. 
In  the  work  technique  of  truth  model  calculations  on  direct  and  indirect  ex¬ 
perimental  data  for  wide  group  of  materials  is  estimated. 

The  system  of  mathematical  simulation  of  processes  of  deformation  and  fail¬ 
ure  includes  the  equations  of  conserve  for  mass,  impulse  and  energy,  the  equations 
of  state  of  graded  materials,  physical  equations  of  Prandtl  Reiss  and  the  kinetic 
equations  of  failure.  This  system  of  equations  is  solved  by  numerical  methods  with 
using  of  special  software,  which  was  worked  by  authors. 

In  this  work  are  examined: 

1 .  interaction  of  copper  (Cu)  impactor  and  copper  (Cu)  plate  with  gradi¬ 
ent  cover  (tungsten  (W)-copper  (Cu)). 

2.  interaction  of  HE  charge  and  steel  (St)  plate  with  gradient  cover  (iron  (Fe)- 
tungsten  (W)). 

The  zones  of  fracture  and  the  zones  of  prefracture  are  shown  in  figures. 

The  analysis  of  computer  experimental  results  showed  a  general  rule  of 
proceeding  of  thermodynamic  processes  in  FGM.  Such,  it  was  founded,  that 
the  increasing  of  an  initial  porosity  in  a  direction,  which  registered  with  a  di¬ 
rection  of  compress  piston  motion  under  some  loading  regimes  was  very  unfa¬ 
vorable,  because  such  heterogeneousness  of  compressible  medium  resulted  in 
the  forming  of  intensive  wave  of  rarefaction  which  fast  moved  in  piston  and 
promoted  its  fracture.  Behind  a  piston  FGM  began  to  crack  too.  The  com¬ 
pression  of  pattern  in  the  opposite  direction  under  those  loading  regimes  re¬ 
sulted  in  lowering  of  a  porosity  and  decreasing  of  a  fracture.  Working  out  of 
program  products  allowed  to  choose  necessary  technological  regimes,  which 
ensured  compactness  of  porous  FGM  and  conservation  of  integrity. 

At  the  numerical  simulation  there  have  been  used  different  combinations 
of  the  physic-mechanical  properties  and  the  initial  porosity  gradients.  The  re¬ 
sults  obtained  have  shown  the  possibility  of  FGPM  use  for  the  creation  of 
protective  coatings.  The  certain  combinations  of  the  porosity  gradients  and 
physic-mechanical  properties  of  initial  components  allow  to  increase  or  to  de¬ 
crease  the  spall  effects  in  the  colliding  bodies. 
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INFLUENCE  OF  FAILURE  WAVE  ON  THE  SHOCK  PULSE 
STRUCTURE  IN  BRITTLE  MATERIALS 

A.V.Utkin 

Institute  of  Chemical  Physics  in  Chernogolovka,  Russia 

Under  shock  wave  compression  below  the  Hugoniot  elastic  limit  the  frac¬ 
ture  of  brittle  materials  can  be  produced  as  a  failure  wave  that  propagates  on 
the  stressed  body  with  subsonic  velocity  v.  Many  properties  of  this  phenome¬ 
non  are  well  known  now  but  some  aspects  are  not  clear  yet.  The  question  of 
the  hour  is  the  possibility  to  get  information  about  the  dynamic  of  failure 
from  experimental  data.  That  question  was  investigated  in  this  paper. 

The  formation  of  shock  pulse  in  a  body  under  the  effect  of  impactor  was 
investigated  in  acoustic  approach.  Elastic  wave  propagates  into  the  sample 
with  longitudinal  sound  velocity.  At  the  same  time  the  failure  wave  arises  on 
the  impact  surface  and  its  velocity  does  not  exceed  bulk  sound  velocity  c0  and 
is  assumed  as  a  fixed  function  of  coordinates.  It  was  proposed  that  at  the  front 
of  failure  wave  the  stresses,  particle  velocity  and  density  have  a  jump  (initial 
damage)  and  then  the  damage  of  material  is  described  by  relaxation  kinetic  of 
shear  strength.  Generally  the  amplitude  of  initial  jump  and  final  value  of  shear 
strength  depend  on  coordinates.  The  analytical  solution  of  this  problem  was 
found  and  the  next  results  follow  from  it. 

-  Let  the  material  be  damaged  instantaneously  in  the  front  of  failure 
wave.  In  this  case  the  structure  of  compression  pulse  is  determined  by  the  de¬ 
pendence  of  v  on  the  time.  At  constant  v  the  two-wave  structure,  caused  by 
the  failure  wave  following  the  longitudinal  elastic  wave,  is  formed.  If  v  de¬ 
creases  in  time  the  jump  of  longitudinal  stress  ax  decreases  and  we  can  get  al¬ 
most  smooth  profile  of  <jx  while  the  transverse  stress  has  a  clear  two-wave 
structure. 

-  All  parameters  are  continuous  on  the  front  of  failure  wave.  The  main 
distinction  of  this  case  is  the  formation  of  spike  on  the  front  of  elastic  wave. 
Its  maximum  value  is  a  constant  and  the  duration  decreases  with  decreasing  of 
relaxation  time  rof  shear  strength. 

-  Generally  the  structure  of  compression  pulse  depends  on  the  varia¬ 
tion  of  initial  damage  amplitude  jump  with  the  propagation  of  failure 
wave  into  the  sample.  The  most  interesting  case  takes  place  when  the  ma¬ 
terial  is  comminuted  instantaneously  at  the  impact  surface  and  then  the 
initial  damage  decreases.  Smooth  maximum  forms  behind  the  front  of 
longitudinal  elastic  wave.  The  position  of  this  maximum  is  determined  by 
the  thickness  of  comminuted  layer  X  and  its  amplitude  depends  on  the  ra¬ 
tio  c0A/t,  velocity  v  and  Poison  ratio. 

The  analysis  shows  that  the  kinetic  of  shear  strength  relaxation  behind 
the  failure  wave  can  be  derived  from  experimental  measurements  of  shock 
pulse  structure. 
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DYNAMIC  TRANSITION  OF  GLASSY  POLYMERS  TO 
THE  HIGH-ELASTIC  STATE 

L.V.Volodina,  E.V.Zotov,  G.B.Krasovski,  S.A.Novikov, 
A.M.Cheverikin,  and  N.N.Gerdyukov 

Russian  Federal  Nuclear  Center  -  VNIIEF,  Arzamas- 16, Russia 

Numerical  and  experimental  investigations  into  the  dynamics  of  viscoe¬ 
lastic  properties  of  structural  polymeric  materials  have  found  glassy  polymers 
to  show  abrupt  change  in  their  viscoelastic  behavior.  The  behavior  of  viscoe¬ 
lastic  hemispherical  loose-edged  shells  was  investigated  under  a  loading  shot 
by  the  explosion  of  a  microscopic  quantity  of  liquid  High  Explosive  (HE)  in 
the  center  of  the  hemisphere.  The  design  details  of  the  loading  setup  and  the 
data  on  pressure  shot  are  described  in  [1,2].  The  experiments  measured  shear 
strain  on  the  enter  hemisphere  surface,  e(t),  using  an  automated  strain-gage 
system.  Experimental  data  processing  included  spectral  analysis  of  the  result¬ 
ing  curves  to  evaluate  Young's  modulus  and  calculation  of  the  decay  factor  for 
viscosity  evaluation.  The  results  obtained  were  compared  against  the  solution 
of  a  free  oscillations  problem  for  viscoelastic  spherical  shell  in  axially  symmet¬ 
ric  geometry. 

Hemispheres  of  different  materials  were  tested  in  a  range  of  thickness  ra¬ 
tios.  The  tests  have  shown  variation  in  the  oscillation  frequency,  which  is  un¬ 
predictable  by  linear  viscoelasticity  theory.  In  order  to  understand  where  this 
phenomenon  comes  from,  there  have  been  numerous  experiments  done  in  two 
series.  The  one  included  comparative  tests  with  loading  the  samples  of  glassy 
amorphous  polymethylmetacrylat  (PMMA)  by  varied  amounts  of  HE  at  room 
temperature  and  temperatures  above  the  glass  transition  point  of  this  material. 
The  other  series  involved  experiments  using  an  alternative  material,  for  which 
purpose  optical  glass  (crown)  was  used. 

Fig.l  shows  time-dependent  latitudinal  strains,  as  measured  near  the 
equator  by  the  same  gage  during  three  tests  with  PMMA  semisphere  (inner  ra¬ 
dius  is  55  mm,  external  radius  is  60  mm)  using  different  HE  weights 
(ml<m2<m3),  at  20°C  temperature.  With  the  clear  evidence  of  the  changed  os¬ 
cillation  pattern  in  test  2  and  the  much  more  rapid  transition  to  the  next  fre¬ 
quency  under  higher  loading  in  test  3,  there  may  be  no  doubts  about  changes 
in  the  physical  and  mechanical  properties  of  material.  This  is  equivalent  to 
Young's  modulus  decreasing  by  two  orders  of  magnitude.  Also,  the  logarith¬ 
mic  oscillation  decrement  is  to  change  significantly. 
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Fig. 2.  Dependences  of  latitudinal  strain  on  time  s(t), 
recorded  in  three  tests  with  PMMA  semisphere 
(R=5.75  cm,  h/R=0.09)  using  different  HE  weights  (m^n^dr^). 

The  optical  glass  kept  elasticity  both  during  the  test  and  from  test  to  test.  The 
logarithmic  oscillation  decrement  was  invariable  too  (A=0.0045±0.0001).  The 
most  important  observation  from  the  crown  hemisphere  testing  is  the  evidence 
that  this  optical  glass,  as  opposed  to  PMMA,  shows  stability  in  elastic 
properties  and  no  damping  effects.  While  the  hemispherical  shells  of  PMMA 
and  crown  were  comparable  in  size,  and  tested  under  identical  conditions,  but 
showing  different  behaviors,  we  may  claim  that  organic  glass  has  its 
viscoelastic  properties  alter  because  of  the  material  changing  in  state 
physically  due  to  the  dissipation  of  elastic  energy  of  oscillations.  This 
phenomenon  is  what  may  cause  accidental  damage  of  polymeric  structures  by 
vibration  or  shock  effects. 

1.  L.V. Volodina,  E.V.Zotov,  G.V.Krasovsky,  S.A.Novikov,  V.A.Sinitsyn, 
A.M.Cheverikin  and  M.M.Jakupov.  "Dynamics  of  Viscoelastic  Spheric 
Shells  under  Internal  Blast  Loading".  J.  Fizika  Gorenija  i  Vziyva,28,4,91 
(1992) 

2.  E.V.Zotov,  N.N.Gerdyukov,  L.V.Volodina. "Small-sized  spherical 

explosive  loading  device".  J.  Fizika  Gorenija  i  Vzryva.,  32,2,134  (1996). 
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SCALE  EFFECT  DURING  DYNAMIC  DESTRUCTION  OF 
BRITTLE  AND  VISCOUS  MATERIALS. 


V.A.Ogorodnikov,  A.G.Ivanov,  V.I.Ltichinin. 


Russian  Federal  Nuclear  Center- VNIIEF.  607 190,  Sarov(Arzamas-16), 

Russia. 


The  paper  presents  results  obtained  by  experimental  research  of  spall 
strengths  of  samples  from  lead  (Cl),  cooper  (Ml),  steel  (12X18H10T),  tita¬ 
nium  (PT-3V),  and  metal  ceramics  (Al+20%SiC)  as  representatives  of  viscous 
and  brittle  materials  at  5...  10  times  change  of  their  scales  [1,2]. 

It  is  shown  that  at  conditions  of  one-dimensional  high-velocity  strains 
8=103...10V  for  all  investigated  materials  destruction  of  large-size  samples  oc¬ 
curs  at  lower  values  of  maximum  tensions  aP,  but  at  higher  reserve  of  elastic 


energy  in  samples  before  destruction.  This  causes  more  damage  of  sample  ma¬ 
terial  in  the  vicinity  of  plan  spall.  Destruction  energy,  specific  per  unit  of  sur¬ 
face  is  increasing  function  of  time  of  tensions  action  of  type  X=2y0(T/T())m, 
where  t0=10-|3s,  2y„-  energy  of  surface  formation,  m-  index  of  a  power.  Taking 
this  into  account, dependence  of  maximum  tensions  at  spallation  on  time  can 
be  presented  in  such  a  way: 


-p2  = 


2  r0E  (1- v) 

CT0  (l  +  v)  -  ( 1  —  2v) 


r'”“' ,  (*) 


where  v,E-  Poissons  ratio  and  Youngs  modulus,  c-  soung  velocity.  Val¬ 
ues  of  2y„  and  m,  at  which  one  can  observe  satisfactory  agreement  between  es¬ 
timations  with  use  of  (*)  and  experiment,  are  tabulated  in  Table. 


Table. 


Material 

Pb 

Al-SiC 

Cu 

Ti 

Fe 

2y,,104j7cm1 2 

1,3 

3,0 

3,8 

6,0 

4,0 

m 

0,54 

0,60 

0,60 

0,72 

0,69 

1.  OropoflHHKOB  B.A.,  HBaHOB  AT.,  JlyHHHHH  B.H.  h  jxp./IO  npupo^e 
MacuiTabHoro  3(])(])eKTa  npn  bmcokockopocthom  pa3pyiueHHH 
(0TK0Jie).Ou3HKa  ropeHHfl  h  B3pbiBa.l993,  t.29,  C. 88-93,  N?6. 

2.  OropoaHHKOB  B.A.,  HBaHOB  A.T.,  JlyHHHHH  B.H.  h  Ap.//BjiHHHHe 
MacuiTa6Horo  h  TexHOJiorHHecKoro  (JiaKTopoB  h  npeABapHTejibHOH 

AecjiopMaLtHH  Ha  BbicoxocKopocTHoe  pa3pyuieHHe  (otkoji)  THTaHOBoro 

cnjiaBa  IIT-3B  h  ciajin  12X18H10T.  TaM  x<e.  1995,  t.31,  JVfe6,  C.  130- 139. 
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ON  THE  BEHAVIOR  OF  A  DENSELY  PACKED  COM¬ 
POSITE  IN  A  WEAK  SHOCK  WAVE. 

B.R.  Gafarov,  A.V.  Utkin*,  S.V.  Razorenov*,  A.A.  Bogatch*,  E.S. 

Jushkov 

FCDT  “Souyz  ”,  * Institute  of  Chemical  Physics  in  Chernogolovka 

A  comparative  study  has  been  done  of  two  materials  -  a  densely  packed 
composite  having  a  rubber  binding  loaded  with  crystalline  spherical  granules 
and  its  simulant  fully  reproducing  its  density  and  Hugoniot,  using  the  same 
matrix  but  loaded  to  half  volume  with  finely  dispersed  components  -  under 
the  action  of  a  ~  lOOMPa,  15  to  20  mks  shock  wave  using  the  laser  Doppler- 
interferometer  method  to  measure  precisely  the  free  surface  velocity. 

It  has  been  demonstrated  that  such  wave  produces  one  oscillation  at  the 
front  in  a  densely  packed  composite  while  a  typical  Maxwell-type  wave  form 
with  an  initial  step  and  subsequent  smooth  relaxation  to  the  steady  state  is  ob¬ 
served  in  its  simulant.  To  describe  these  results  and  dissipative  processes  we 
applied  the  Maxwell  model,  the  model  of  simple  viscosity  and  quadratic  vis¬ 
cosity.  As  this  oscillation  disappears  once  pressure  amplitude  is  reduced  we 
conclude  that  its  nature  is  solitonic.  It  is  shown  that  this  quasisoliton  is  formed 
as  a  result  of  the  direct  elastic  interactions  of  granules  in  accordance  with  the 
nonlinear  Hertz  law.  Note  that  this  is  the  first  observation  of  nonlinear  chain 
soliton  in  a  real  isotropic  material. 

Composite  fracture  is  treated  using  the  “nucleation-and-grow”  (NAG) 
model.  The  anomalously  high  resistance  of  composite  to  spallation  has  been 
ascribed  to  the  fact  that  composite  structure  allows  large  volume  deformations 
without  main  crack  being  formed. 

MATEMATHHECKOE  MOflEJIHPOBAHHE 
MEXAHHHECKOrO  flEHCTBHfl  H3JIYHEHHB  HA 
TETEPOrEHHBIE  MATEPHAJILI 

OcTpHK  A.B.,  IIoTaneHKo  A.H. 

Lf&TH  MO,  MocKoecKan  odnacmb,  Cepeuee  Tlocad 

PaccMaTpHBaeTca  ^eHCTBue  pemreHOBCKoro  H3JiyHeHHH  (PH)  Ha 
BbicoKonopHCTbifi  reTeporeHHbifi  MaTepHan  rana  “Cthbjioh”,  npe/t- 
CTaBJiaiontHH  co6oh  opraHHnecKoe  CBfl3yiomee,  3anojmeHHoe  noubiMH 
CTeKUHHHbiMH  ciJjepaMH  c  BOJib(j)paMOBbiM  HanbiJieHHeM.  Ba*HbiM  3Ta- 
noM  b  onpe^eneHHH  xapaKTepHCTHK  MexaHHnecKOH  Harpy3KH  npH  06- 
jiyneHHH  HBJiaeTCJi  oueHKa  oueHica  3HeproBbmeJieHHH.  B  HacToamew 
pafioTe  wm  ouchkh  xapaKTepHCTHK  now  nepBHHHoro  H3JiyHeHHH  c 
uejibio  ^eTajtbHoro  pacneTa  napaMeTpOB  3HeproBbi^ejieHHH  b  KOMno- 
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HeHTax  npeanaraeTCH  Hcnojib30BaTb  HHCJieHHyio  MeTOflHKy  Ha  ocHOBe 
MeTOAa  MoHTe-Kapno.  B  Hew  npoxo>K,neHHe  KBaHTOB  npeflCTaBJiaeTca 
KaK  nocne^oBaTejibHocTb  coSmthh,  MOflejiHpyeMbix  Ha  ocHOBe  3aKO- 
hob  pacnpocTpaHeHHH  H3JiyHeHH«  b  roMoreHHOH  cpe/je  h  cTaTHCTHHe- 
CKOH  OljeHKH  BKJiaflOB  B  C(j)epHHeCKHH  MHOTOCJIOHHblH  #eTeKTOp.  npH 
MOflenHpoBaHHH  nojia  KBaHTOB  nepexo^Hbie  BepoaTHOCTH  onpeAeJia- 
fOTCJI  npOUeCCaMH  B3aHMOfleHCTBHH  H3JiyHeHHfl  C  Be^eCTBOM,  a  Ha- 
nanbHoe  pacnpeaejieHne  —  hctohhhkom  n3JiyHeHHa.  riocKOJibKy  xa- 
paKTepHbie  pa3Mepbi  aneMeHTOB  MaTepnana  coH3MepnMbi  c  ajihhoh 
npo6era  o6pa3yiomHxcH  npH  B3aHMO,neHCTBHH  (Jjotohob  c  aTOMaMH 

Cpe/Ibl  BTOpHHHbIX  (j)OTO-,  0>Ke-  H  KOMnTOHOBCKHX  3JieKTpOHOB,  Ba>K- 
HOH  OCo6eHHOCTbIO  OUCHKH  3HeprO-BbIAeJieHHH  HBJlHeTCfl  Heo6xO£H- 
MOCTb  yneia  HapymeHHH  sjieKTpoHHoro  paBHOBecwa  Ha  rpaHHue  cjio- 
eB,  npHBOflamero  b  kohchhom  HTore  k  cymecTBeHHOMy  H3MeHeHHio 
napaMeTpoB  MexaHHnecKOH  Harpy3KH.  HepaBHOBecHaa  fl03a  b  KOMno- 
HeHTaX  BblMHCJIflCTCH  Ha  OCHOBe  aHaJTHTHHeCKHX  COOTHOUieHHH,  CBfl- 
3biBaiomHx  xapaKTepHCTHKH  noTOKa  3JieKTp0H0B  h  noraomaiomHe 
cnocoSHOCTH  MaTepHajioB. 

MoAejiHpOBaHHe  MexaHHHecKoro  .nencTBna  npOBO/jHJiocb  b  npn- 
6iiH>KeHHH  MrHOBeHHoro  3HeproBbi^ejieHH».  B  cjiynae  bo3aghctbhh 
PH  MarKoro  cneKTpa  (3HeprHH  KBaHTOB  —  eflHHHijbi  ksB)  npowcxo- 
^,ht  cymecTBeHHO  HepaBHOMepHoe  nornomeHHe  3HeprHH  b  HanonHH- 
Tejie.  nocKOJibKy  xapaKTepHoe  BpeMa  BbipaBHHBaHHa  TeMnepaTypHO- 
ro  npo(})HJia  b  HanojiHHTene  no  yrjiOBOH  KOop^HHaTe  cocraBJiaeT  e^H- 
HHi^bi  MHJTJiHceKyHfl,  hto,  no  oijeHKaM,  na  ^Ba-TpH  nopa^Ka  npeBbi- 
maeT  BpeMa  npoTeKaHHa  MexaHHnecKnx  npoijeccoB,  HMeeT  MecTO  3Ha- 
HHTenbHbiH  pa3orpeB  o6nyHaeMOH  cTopoHbi  c(j)epbi.  B  pe3yjibTaTe 
nponcxoAHT  cySjiHMauHa  hjih  njiaBJieHHe  nacra  HanojiHHTena,  npo- 
^yKTbi  cy6jiHMauHH  jioKajiH3yiOTca  b  noaocTu  c<j)epbi,  hto  npHBOAHT  k 
pejiaKcauHH  HanpaaceHHH  h  CHHHceHHio  HMnyjibca  AaBJieHHa. 

npH  ^encTBHH  PH  >KecTKoro  cneKTpa  (sHeprnH  KBaHTOB  —  fle- 
chtkh  ksB  h  6ojiee)  3HaneHna  noniomeHHOH  3HeprnH  Ha  o6jiynaeMOH 
H  TeHeBOH  CTOpOHe  HanOJIHHTeJIfl  OTJIHHaiOTCa  He3HaHHTeJIbHO  H,  KaK 
noKa3biBaioT  oijeHKH,  b  MaTepHane  o6pa3yeTca  HecKOJibKO  xapaKTep- 
Hbix  3oh.  B  nepBOH  30He  Bee  KOMnoHeHTbi  nojiHOCTbio  HcnapaTca,  no- 
pbi  cpaBHHTenbHO  6bicTpo  cxjionHyTca  w  npn  pa3JieTe  ra30Boro  caoa 
c(]30pMHpyeTca  HMnyjibc  ^aBjieHHa.  Bo  BTopon  30He  o6pa3yeTca  mho- 
ro$a3Haa  cMecb  KOMnoHeHTOB  w  b  pe3yjibTaTe  3aKpbiraa  nop  AaBjie- 
Hne  b  3toh  30He  nepBOHananbHO  cpejiaKcnpyeT  ao  cpaBHHTejibHO  hh3- 
khx  3HaneHHH.  B  TpeTbeH  30He  no,n  flencTBneM  TenjiOBoro  ^aBJieHna 
npoH30HaeT  pa3pymeHHe  xpynKoro  HanoJiHHTejia  h  3tot  cjioh  b  nep- 
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BOM  npH6nH)KeHHH  6y.neT  npencTaBJiHTb  co6oh  o6jiacTb  c  hh3khm  co- 
npoTHBJieHHeM  Ha  cabhi\  B  nocjienyiomHx  cjiohx  MaTepHana  no  He- 
pa3pyuieHHOMy  MaTepnajiy  6yneT  pacnpocTpaHHTbca  ynapHaa  BOJiHa. 

^jia  pacneTa  MexaHHnecKoro  3(J)(j)eKTa  bo3,hchctbhji  pa3pa6oTaHa 
MaTeMaTHHecKaa  MoneJib,  yHHTbiBaiomaa  onHcaHHbie  oco6eHHOCTH 
(])OpMHpOBaHHH  MeXaHHHCCKOH  Harpy3KH. 

SIMULATION  OF  SOLID  FRACTURE  UNDER  DYNAMIC 

LOADING 

Y.P.  Stefanov,  T.A.  Russkikh 

Institute  of  Strength  Physics  and  Materials  Science,  Siberian  Branch  of 

RAS,  Tomsk,  Russia 

The  present  work  is  concerned  with  simulation  of  dynamic  solid  fracture. 
The  calculation  technique  and  the  computational  results  for  certain  modelling 

problem  are  presented.  .  . 

A  set  of  equation  for  the  mechanics  was  solved  by  finite-ditterent 
method  for  two-dimensional  case.  According  this  technique  fracture  proc¬ 
esses  are  considered  taking  into  account  the  appearance  of  material  dis¬ 
continuities.  The  cracks  are  simulated  in  an  explicit  form  by  splitting  the 
computational  grid  nodes. 

The  integral  fracture  criterion  based  on  the  principle  of  damage  addition 
was  used  as  measure  of  medium  damages.  The  addition  of  damages  is  realized 
along  the  boundaries  of  a  calculation  cells  that  are  considered  as  certain  ob¬ 
jects  providing  the  material  continuity.  Damage  and  eventually  failure  of  these 
boundaries  results  in  opening  of  discontinuities. 

The  least  possible  size  of  a  crack  is  the  length  of  the  boundary  of  a  unit 
calculation  cell.  All  smaller  damages  do  not  influence  the  response  and  proper¬ 
ties  of  the  material  and  added  up  to  a  certain  magnitude.  Further,  the  unit 
fracture  act  takes  place  and  the  crack  propagates  to  the  next  node  of  the  com¬ 
putational  grid.  The  direction  of  crack  growth  is  determined  by  the  integral 
criterion.  Its  value  is  calculated  for  each  computational  time  step  and  for  the 
calculation  cell  boundaries.  In  this  way,  the  generation  of  new  free  surfaces  is 
performed  by  splitting  the  Lagrangian  computational  grid  nodes  along  cell 
boundaries.  Medium  response  in  the  interior  of  cells  is  described  by  the  elastic 
plastic  model  of  solids. 
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THERMAL  PRESSURE  GENERATION  IN  A  HETEROGE¬ 
NEOUS  MATERIAL  AS  A  RESULT  OF  NONEQUILIBRIUM 
ENERGY  DEPOSITION  IN  COMPONENT  PARTS. 

B.R.  Gafarov,  V.P.  Efremov*,  D.N.  Sadovnichii 

FCDT  “Souyz  ”,  *HEDR1C  IVTAN 

A  model  describing  thermal  pressure  generation  in  a  composite  material 
due  to  pulse  heating  has  been  proposed.  The  model  utilizes  a  pressure 
averaging  procedure  with  compressibility  dependent  weighting  factors  and 
allows  one  to  account  for  an  arbitrary  structure  of  the  composite  and  the  real 
energy  deposition  on  a  microscopic  scale  as  well  as  to  obtain  the  optimum 
concentration  of  the  absorbing  component.  Uncertainties  have  been  indicated 
and  corrections  arising  from  the  nonequilibrium  character  of  the  process  and 
the  energy  losses  sustained  during  component  deformation  have  been 
computed.  It  has  been  shown  how  to  account  for  the  heat  transfer  and 
dissipative  phenomena. 

It  was  established  that  the  pulse  and  slow  isochoric  heating  even  in  the 
absence  of  heat  transfer  and  dissipative  properties  of  component  materials 
would  result  in  the  appearance  of  varying  thermal  pressures  due  to 
nonequilibrium  relaxation  in  a  cell.  A  measure  of  dissipative  properties  of 
composite  during  pulse  heating  seems  to  be  the  relationship  between 
component  moduli  of  volume  compressibilities  with  due  account  of  their 
volume  fractions  rather  than  the  dissipative  properties  of  the  component 
materials  themselves. 

Accurate  Monte-Carlo  calculations  of  energy  deposition  microstructure 
(secondary  electrons  taken  into  account  by  using  individual  collision  scheme) 
have  been  carried  out  for  two  characteristic  cases:  an  intense  electron  beam 
and  soft  X-ray  pulse  from  a  big  explosion. 

The  adequacy  of  the  model  has  been  verified  by  direct  experimental  de¬ 
termination  of  effective  Gruneisen  coefficient  of  a  composite  similar  to  com¬ 
position  to  real  shielding  materials  as  a  function  of  loading  content. 

BALLISTIC  IMPACT  DAMAGE  OF  S-2  GLASS 
REINFORCED  PLASTIC  STRUCTURE  ARMOR 

Shun-chin  Chou 

Army  Research  Laboratory  Aberdeen  Proving  Ground,  MD,  USA 

Different  sizes  of  S-2  glass  fabric-reinforced  plastic  laminate  plates 
were  tested  ballistically  by  impacting  the  plates  with  two  different  sizes 
of  fragment  simulating  projectiles  at  various  velocities  below  the  lim¬ 
iting  velocity  of  perforation.  The  impacted  specimens  were  examined 
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with  computed  tomography  to  determine  the  extent  of  damage  in  the 
specimens,  then  those  specimens  were  tested  in  compression  until  fail¬ 
ure.  The  correlation  between  the  failure  load  and  the  extent  of  damage 
in  terms  of  average  damage  fraction  was  presented  and  discussed. 

SHOCK  WAVE  BEHAVIOUR  OF  HOLLOW  GLASS 
MICROBALLONS-POLYESTER  MATRIX  COMPOSITE 

MATERIAL 

J.  Ribeiro,  I.  Plaksin,  J.  Campos,  R  Mendes,  J.  Gois  and  V. 

Efremov* 

Lab.  of  Energetics  and  De  tonics,  Mechanical  Eng.  Department 
Fac.  of  Sciences  and  Technology,  University  of  Coimbra,  3030 
COIMBRA,  Portugal 

*High  Energy >  Density  Research  Center,  Russia  Academy 
MOSCOW  -  RUSSIA 

The  porous  composite  materials  have  found  a  wide  application  for  the 
attenuation  of  shock  waves  as  absorbers  of  elastic  shock  energy.  A  new  com¬ 
posite  material  (CM),  glass+gas+polymer  binder,  i.e.  polymer  bonded  hollow- 
glass  microballons  (HGMB),  with  components  which  are  very  different  on 
their  physical  and  mechanical  proprieties,  represents  a  considerable  promise 
for  the  shock  absorption  application.  An  essential  feature  of  such  CM  is  the 
possibility  to  control,  in  wide  limits,  pre-selected  properties  such  as  porous 
sizes  and  concentration,  defined  by  the  amount  and  the  type  of  HGMB,  as 
well  as  the  concentration  of  the  heavy  fraction  of  the  CM,  the  polymer  binder 
and  glass,  determined  by  the  microballons  glass  walls  and  the  properties  of  the 
polymer  binder, 

The  possibility  to  control  the  rheology  of  this  type  of  CM  makes  them 
suitable  not  only  to  the  study  of  the  EoS  of  porous  materials  but  also  to  the 
investigation  of  the  dynamics  strength  effects  under  shock  loading. 

Results  are  presented  about  the  shock  wave  behaviour  of  such  CM,  in 
this  particular  case  using  HGMB  and  a  polyester  binder  in  different  mass  ra¬ 
tios,  on  the  pressure  range  of  0.05- 1 0  GPa. 

The  selected  HGMB  were  the  Q-CEL  300  with  a  mean  gas  cavity  diame¬ 
ter  dso  =  92pm,  a  granulometric  distribution  from  dio  =  20pm  to  dgo  =  158pm, 
a  glass  wall  thickness  of  1.0±0.2  pm  and  an  effective  density  of  220  kg/m3.  Dif¬ 
ferent  values  of  the  CM  density  were  achieved  by  the  variation  of  the 
HGMB/Polymer  binder  mass  ratio.  Samples  with  dimensions  of  HI  60T20  mm 
in  the  HGMB/Binder  mass  ratios  of  0.05,  0.10  and  0.20  were  tested.  This  CM 
can  be  seen  as  a  three  components  material  in  which  the  spherical  pores  are 
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separated  by  a  glass-polyester-glass  wall  with  typical  thickness  values  of-5giass 
-  1.0±0.2pm  and  Sbmder  =  0.1mm 

The  explosive  plane  wave  generators,  used  to  the  shock  loading  of  the 
samples,  allow  the  sustain  of  a  constant  pressure  level  during  from  1  up  to  2 
ps.  The  pressure  history  P(t)  in  the  sample  loading  and  release  processes  were 
registrated  by  manganin  gauges.  The  samples  relative  attenuation  index  ( the 
absorption  degree  of  the  shock  compression  kinetic  energy  )  is  evaluated  by 
the  crater  sizes  dented  in  A1  plates  and  by  manganin  gauges  analysis. 

The  process  of  shock  wave  propagation  into  samples  has  been  registrated 
quasicontinuously,  through  each  «200pm,  by  thin  multifibre  optical  strip 
formed  on  80-90  independent  channels  and  connected  directly  to  a  fast  streak 
camera  (Thompson  TSN  506N).  This  method  allows  the  recording  of  the 
shock  front  propagation,  the  shock  wave  structure  behind  the  shock  front  and 
also,  in  specific  cases,  the  pulsing  regimes  of  shock  wave  propagation. 

Shock  wave  behaviour  of  CM  has  been  numerically  simulated  by  meth¬ 
ods  described  in  / 1,2/,  using  the  continuum  matter  model  /l/  and  the  model  of 
phonon  interaction  111.  The  obtained  results  allow  the  distinction  between  the 
different  shock  waves  attenuation  regimes,  into  the  samples  of  different  mor¬ 
phologies,  and  turn  more  understandable  the  mechanisms  of  shock  compres¬ 
sion  energy  relaxation,  on  the  macro  level,  as  well  as  the  optimisation  of  the 
porous  barriers  attenuation  proprieties. 

1.  J.  R.  Maw,  N.  J.  Withworth  and  R.  B.  Holland.  “ Multiple  Shock  Com¬ 
pression  of  Polyurethane  and  Syntactic  Foams”.  In  the  Proceedings  of  APS 
Topical  Conference  Shock  Compression  of  Condensed  Matter.  Seattle, 
1995,  p.p.  133-135. 

2.  V.  P.  Efremov,  V.  E.  Fortov,  A.  B.  Demidov  and  I.  V.  Ivonin. 
“Theoretical  and  Experimental  Investigation  of  Particularities  of  Behaviour 
of  Heterogeneous  Porous  Composite  Materials  under  Shock  Loading Int. 
Conf.  of  Shock  Waves  in  Condensed  Matter.  St.  Petersburg,  2-6  Sept. 
1995. 
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SESSION  "  Equations  of  State  and  Phase 
Transitions  - 1" 

Co-Chairmen: 

N.Kalitkin  -  Institute  for  Mathematical  Modelling,  Moscow,  Russia 
L.Chabildas  -  Sandia  National  Laboratories,  Albuquerque,  USA 

EQUATIONS  OF  STATE  IN  MATHEMATICAL  MODELS 
OF  CONTINUOUS  MECHANICS 

V.F.Kuropatenko 

Russian  Federal  Nuclear  Center  -  VNIITF,  Snezhinsk,  Chelyabinsk  region, 

Russia 

The  system  of  conservation  laws  for  mass,  momentum  and  energy  is 
closed  by  evolutionary  equations  for  processes  taking  place  in  a  substance 
and  equations  of  state  (EOS)  describing  the  materials  properties  in  stable 
state.  Wide  range  of  physical  states  and,  hence,  wide  range  of  variation  of 
pressure  P.  temperature  T  and  other  thermodynamical  parameters  is  typical 
for  many  applied  problems  (managed  thermonuclear  fusion,  development  of 
antimeteoroid  protection  for  space  crafts,  accidents  in  nuclear  reactors,  etc.). 
EOS  should  describe  material  properties  with  sufficient  accuracy  in  wide 
range  of  P,T. 

A  semiempirical  approach  for  EOS  construction  is  considered  in  the 
work,  where  the  form  of  one  of  thermodynamical  potentials  is  stated  using 
theoretical  conception  and  experimental  data  are  used  to  determine  numerical 
values  of  coefficients  in  these  dependencies.  Such  approach  allows  to  use  ex¬ 
perimental  and  calculational  information  and  gives  an  opportunity  to  con¬ 
struct  EOS  in  compact  form  convenient  for  numerical  calculations.  Mathe¬ 
matical  models  for  nonstationary  numerical  processes  impose  on  EOS  re¬ 
quirements  of  their  effective  including  in  computations.  Caloric  EOS  with  re¬ 
gard  to  pressure  P,  density  p,  internal  energy  E  and  thermal  EOS  with  regard 
to  variables  P,  p,  T  are  considered.  Conceptual  issues  of  EOS  constructing, 
general  issues  concerning  the  totality  of  EOS  and  particular  EOS  of  metals, 
rocks,  plastic  materials  and  explosives  are  presented  in  the  work.  EOS  com¬ 
parison  with  theoretical  models  and  experimental  data  are  given. 

A  special  consideration  is  given  for  phase  transfer  description.  On  the 
phase  boundaries  many  thermodynamical  parameters  are  discontinue  (sonic 
velocity,  heat  capacity,  compressibility,  etc.).  These  discontinuities  are  the 
sources  of  finite  errors.  To  eliminate  them  one  should  modify  difference  con¬ 
servation  laws.  The  ways  allowing  to  restrict  the  error  while  simulating  flows 
with  phase  transfer  are  considered. 
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APPROXIMATION  POTENTIAL  PRESSURE  RELATION 

DERIVED  FROM 

GENERALIZED  GRUENEISEN  ACTOR  FORMULA 
L.  F.  Gudarenko,  S.  N.  Pryalov 

Russian  Federal  Nuclear  Center  -  VN1IEF,  Sarov,  Nizhni  Novgorod 

region,  Russia 

Construction  of  semi-empirical  equations  of  state  of  condensed  media 
involves  the  problem  of  selection  of  an  efficient  analytical  form  for  description 
of  the  potential  pressure-density  relationship.  About  two  tens  of  various  ana¬ 
lytical  formulas  are  currently  used  for  this  purpose.  Some  of  them  are  of  a 
formal  form.  However,  as  a  rule,  it  is  possible  to  describe  a  wider  density  range 
even  with  a  less  number  of  free  (adjustment)  parameters  making  use  of  rela¬ 
tions  reflecting  physical  notions  of  media  behavior  at  compression. 

A  formula  is  known  for  computation  of  the  Grueneisen  factor  by  the  po¬ 
tential  pressure  function  which  is  an  extension  of  three  models  of  lattice  atom 
interaction.  From  this  formula  a  potential  pressure  relation  is  obtained  as  a 
power  series  with  integer  exponents.  This  series  is  with  alternative  signs  and 
converges  absolutely. 

The  derived  relation  and  approximation  with  it  of  tabulated  values  of 
potential  pressure  function  for  four  metals,  i.e.  copper,  molybdenum,  nickel, 
and  tungsten,  are  studied.  Approximation  properties  of  the  derived  formulas 
are  compared  with  earlier  known  relations  for  the  same  metals.  The  compari¬ 
son  showed  that  the  derived  function  approximates  potential  pressure  at  the 
level  of  the  best  among  known  relations,  with  being  superior  to  this  in  some 
points  and  inferior  in  regard  of  computation  time  by  a  factor  of  2  on  the  aver¬ 
age.  Advantages  of  the  formulas  include  a  good  monotone,  as  well  as  that  this 
relation  can  be  used  to  estimate  the  potential  pressure  function  only  knowing 
parameters  of  the  Grueneisen  factor  dependence  on  density  with  no  approxi¬ 
mation. 

INVESTIGATION  INTO  KINETICS  OF  NATURAL  CEY¬ 
LON  GRAPHITE  TRANSFORMATIONS  IN  SHOCK 

WAVES 

Yu.N.  Zhugin,  K.K.  Krupnikov,  V.I.  Tarzhanov 

Russian  Federal  Nuclear  Center -All-Russian  Research  Institute 
of  Technical  Physic,  Snezhinsk,  Chelyabinsk  region,  Russia 

.On  some  peculiarities  of  graphite  compressibility  in  shock  waves.  Structural  and 
kinetic  factors.  In  the  present  work  two  series  of  own  experiments  have  been 
performed  with  respect  to  the  investigation  into  the  peculiarities  of  pressed 
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Ceylon  graphite  and  his  mixture  with  fluoroplastic  compressibility  in  shock 
waves  with  their  amplitude  in  the  range  from  10  to  40  GPa  by  the  method  of 
reflection  [1].  Dimensions  of  samples,  conditions  of  their  loading,  other  me¬ 
thodical  and  technical  methods  have  been  analogous  to  those  described  in  [2]. 
Experimental  results  obtained  by  us  were  compared  in  (P,  V)  -  coordinates 
(Fig.  1)  with  the  data  of  other  authors  who  studied  the  shock  compressibility 
of  Ceylon  [3],  pyrolytic  [3,  4]  and  monocrystalline  [5]  graphites  by  the  reflec¬ 
tion  method  The  difference  of  adiabats  at  P  <  20  GPa  and  P  >  20  GPa  is  asso¬ 
ciated  with  kinetic  factors,  as  it  will  be  shown  below. 


Graphite 
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Fig.  1 .  Graph¬ 
ite  shock  com¬ 
pressibility  pe¬ 
culiarities 
stipulated  by 
structural  and 
kinetic  factors. 


Fig.  2.  (P,V)  - 
diagram 

(designations  -  see 

Fig-1-) 
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2.  Registration  of  graphite  electric  resistance  changes  in  shock  waves.The 
results  of  the  first  observations  of  “dielectrization”  of  natural  graphites  in 
shock  wave  have  been  set  forth  in  [6,  7],  pyrolytic  graphite  -  in  [8].  In  our  ex¬ 
periments  [7]  relatively  thin  plates  with  dimensions  30x2x(0. 1-0.6)  mm  have 
been  made  from  the  pieces  of  natural  Ceylon  graphite  with  its  initial  density 
equal  to  2.22  ±  0.01  g/cm3.  The  range  of  investigated  pressures  amounted  to 
~  10-40  GPa,  duration  of  registration  was  equal  to  ~1.5  ps.  It  can  be  seen  from 
[7]  that  the  graphite  plate  resistance  is  sharply  decreased  by  a  factor  of  -3.5 
when  loading  by  pressures  P  =9.1-20.4  GPa  (during  At  <  0.1  ps)  and  remains 
to  be  essentially  constant  during  the  whole  time  of  the  registration.  At  P  >  22.5 
GPa  after  the  sharp  decrease  of  resistance  (that  is  also  revealed  at  lower  pres¬ 
sures),  its  marked  increase  taking  place  at  P  >  23.2  GPa  in  two  stages  is  ob¬ 
served.  At  first  the  stage  of  relatively  quick  increase  in  resistance  is  seen,  but 
then  the  stage  of  its  more  slow  growth  is  noted.  The  first  stage  duration  de¬ 
creases  with  the  growth  of  pressure  from  -1  ps  at  P  =  23.2  GPa  to  <  0.1  ps  at 
P  =  40.3  GPa.  The  attempt  has  been  undertaken  to  associate  the  measured 
values  of  the  graphite  plate  resistance  R(t)  with  the  volume  concentration  6(t) 
of  diamond-like  phases  in  the  shock-compressed  graphite  with  taking  into  ac¬ 
count  the  super  fast  transformation  of  the  rhombohedrai  component  of  Cey¬ 
lon  graphite  into  cubic  diamond.  For  assessments  the  model  of  two- 
component  heterogeneous  system  with  the  chaotic  distribution  of  components 
[9]  has  been  used. 

At  the  same  time  it  has  been  considered  that  the  diamond-like  modifica¬ 
tions  are  isolators.  For  obviousness,  some  curves  among  the  dependencies  0(t) 
corresponding  to  different  loading  pressures  (P  =  const)  have  been  transferred 
to  (P,  V)  -  diagram  (Fig.  2)  illustrating  the  rate  and  the  regularities  of  the 
Ceylon  graphite  transformation  into  diamond-like  modifications  under  condi¬ 
tions  of  its  shock  loading  by  specified  pressure  P.  The  method  of  mixtures  [10] 
was  applied  for  the  determination  of  specific  volumes  corresponding  to  given 
pressures  P. 
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PECULIARITIES  OF  PHASE  TRANSFORMATIONS  IN 
THE  AL-4  %  TI  ALLOY  IN  SPHERICAL  STRESS  WAVES 

E.A.  Kozlov,  I.G.  Brodova  %  D.V.  Bashlykov  ,  E.V.  Abakshin 

Russian  Federal  Nuclear  Center  - Research  Institute  of  Technical  Physics , 
Snezhinsk.  Chelyabinsk  region,  Institute  of  Metals  Physics,  UB  RAS, 
Ekaterinburg,  Russia. 

The  state  of  two  spheres  of  Al-4  %  Ti  alloy  after  their  loading  by  spheri¬ 
cal  shock  waves  [1-3]  of  different  intensity  has  been  studied  by  metallophysical 
methods.  It  has  been  shown  that  the  realized  modes  of  the  spheres  loading 
have  provided  the  melting  of  material  in  stress  waves  at  deep  radii.  The  melt¬ 
ing  region  size  depends  on  the  loading  mode.  In  the  solid-state  transforma¬ 
tions  region,  depending  on  the  radius  of  the  analyzed  layer  location,  the  struc¬ 
ture  of  compressed  spheres  material  is  regularly  changed.  If  the  external  layers 
of  the  compressed  and  recovered  spheres  have  remained  in  solid  state,  then  the 
more  deeply  located  layers  (in  the  region  of  the  melting  start)  have  melted  on 
the  isentrope  [3],  i.e.  at  decrease  in  pressures  and  temperatures  after  the  shock 
compression  of  material  in  the  converging  shock  wave  and  in  the  diverging 
one  being  reflected  from  the  sphere  center.  When  the  sphere  has  undergone 
loading  by  the  impulse  of  the  greater  amplitude  and  duration  in  the  spherical 
layers  located  still  more  deeply  the  melting  of  the  Al-4  %  Ti  has  been  realized 
just  at  the  spherically  converging  shock  wave  front  [3].  At  unloading  of  the 
shock-compressed  melt  into  central  cavity  being  formed  behind  the  front  of 
the  spherically  diverging  shock  wave  reflected  from  the  sphere  center  the  va¬ 
porization  of  the  melt  took  place.  In  the  process  of  the  subsequent  cooling  of 
the  compressed  and  recovered  sphere  the  vapour  condensation  and  the  shock 
melt  crystallization  have  proceeded  [1-3]. 

The  size,  the  volume  concentration,  the  crystalline  structure  of  the  in- 
termetallic  compound  of  AhTi  and  their  change  along  the  radius  r  of  the  com¬ 
pressed  samples  have  been  determined.  Both  in  the  process  of  the  high-rate 
crystallization  and  under  the  action  of  the  high-strain-rate  deformation  in 
solid  state,  the  peculiarities  of  the  grain  structure  formation  of  a-solid  solution 
of  the  alloy  have  been  studied.  In  the  recovered  material  layers  adjoining  to 
the  central  cavity  the  cast  structure  with  the  grain  size  of  10  pm  which  is  less 
by  a  factor  of  10  than  that  in  the  initial  casting  has  been  registered.  Addition¬ 
ally  to  [4],  TEM-investigations  of  the  internal  structure  of  the  aluminum  solid 
solution  have  been  studied,  and  its  evolution  depending  on  the  high-strain-rate 
deformation  and  temperature  has  been  discussed. 
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PROPERTIES  OF  LIQUID  KRYPTON  AT  SHOCK  COM¬ 
PRESSION  UP  TO  100  GPA. 

Glukhodedov  V.D.,  Kirshanov  S.I.,  Lebedeva  T.S., 
Mochalov  M.A. 

Russian  Federal  Nuclear  Center  VNIIEF,  Sarov,  Russia 

Liquefied  inert  gases,  having  high  initial  density  and  optical  transpar¬ 
ency,  are  convenient  object  to  research  properties  of  closely  packed  substances 
at  high  pressures  and  temperatures.  Recorded  structural  transitions  in  liquid 
xenon  /1-4/  attract  additional  interest  for  research  of  other  gases  -  argon  / 5-7/ 
and  krypton,  which  have  not  been  earlier  studied  in  area  of  high  pressures  and 
temperatures.  This  paper  presents  results  of  experimental  researches  up  to  100 

GPa.  J  L  .  . 

Compressibility  of  krypton  up  to  density  of  -  7  g/cm3  and  brightness 

temperature  in  the  red  (A,=670  mp)  area  of  the  spectrum  of  —  21000  K.  at  pres¬ 
sures  up  to  —  90  GPa  was  simultaneously  measured  in  experiments.  This  al¬ 
lowed  to  obtain  thermodynamicly  complete  information  on  the  state  of  liquid 
krypton.  Also  absorption  and  reflection  of  light  in  layer  of  shock-compressed 
substance  were  additionally  studied. 

Growth  of  shock  waves  front  luminescence  brightness  in  time  was  as¬ 
sociated  with  increase  of  substance  layer  thickness,  compressed  by  shock 
wave  with  averaged  coefficient  of  absorption,  which  reached  -300  cm-'  at 
pressures  up  to  50  GPa  in  the  red  (A— 670  mp)  and  violet  (A=430  mp)  areas 
of  the  spectrum. 

The  coefficient  of  light  reflection  from  the  shock  wave  front  of -8%  and 
the  brightness  temperature  of -25000  K  were  first  measured  at  pressure  of -80 

GPa  in  the  violet  area  of  the  spectrum. 

With  use  of  the  x-t  diagrams  method  additional  experimental  informa¬ 
tion  on  sound  velocity  up  to  5.5  km/s  behind  the  shock  wave  front  was  ob¬ 
tained  at  pressures  up  to  80  GPa. 

Specific  electric  conductivity  of  liquid  krypton  of  ~5d04  (ohm  m)*1  was 
measured  at  pressures  up  to  100  GPa.  Zone  of  exponential  dependence  of  elec¬ 
tric  conductivity  on  temperature,  typical  for  behaviour  of  amorphous  semi¬ 
conductors,  was  recorded.  From  approximation  of  experimental  dependence 
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of  electric  conductivity  on  reverse  temperature  (1/T)  the  width  of  the  forbidden 
zone  in  shock-compressed  liquid  krypton  (13.2±1.4)  eV  was  determined. 

Measurement  of  thermodynamic,  optical  and  electrica-physical  charac¬ 
teristics  in  the  states  with  high  concentration  of  energy  is  greatly  important  for 
construction  of  equations  of  state,  allowing  to  predict  properties  of  substances 
in  the  area  of  high  pressures  and  temperatures. 
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MEASUREMENT  OF  SHOCK  RESIDUAL  TEMPERATURE 
IN  STEEL  WITH  THE  HELP  OF  PHASE  TRANSITIONS  IN 
ZIRCONIUM  AND  TITANIUM 

A.M.Podurets,  A.R.Kutsar 

Russian  Federal  Nuclear  Center  VNJIEF,  Sarov,  Russia 

The  a-©  phase  transitions  in  zirconium  and  titanium  at  static  pressure 
are  known  for  a  long  time  and  well  studied.  Recovering  of  the  metastable  ©- 
phase  after  unloading  allows  to  study  phase  structure  of  zirconium  and  tita¬ 
nium  in  relation  to  conditions  of  shock  loading. 

The  phase  structure  of  recovered  samples  of  zirconium  and  titanium  was 
studied  after  loading  by  plane  shocks  waves  up  to  pressures  80-320  kbars. 

From  the  conditions  of  compression  and  unloading,  P-T  diagrams  of 
zirconium  and  titanium  and  temperature  stability  of  ©-phase  at  atmos¬ 
pheric  pressure  follows,  that  the  curve  of  ©-phase  concentration  in  a  re¬ 
covered  sample  versus  shock  loading  pressure  should  have  three  parts: 
rise,  plateau  (or  maximum)  and  consequent  lowering.  Such  form  of  con¬ 
centration-pressure  curves  r|co(P)  was  confirmed  in  experiments.  Prelimi¬ 
nary  cooling  of  loaded  ampoule  with  a  sample  to  -180°C  and  appropriate 
lowering  of  shock  residual  temperature  results  in  increase  of  pressure  in¬ 
terval,  at  which  ©-phase  is  recovered. 

Such  n-shaped  form  of  q©(P)  curves  indicates,  that  above  some  critical 
pressure  P*  temperature  of  heating,  caused  by  shock  loading  in  recovery  am¬ 
poule  (material  of  the  ampoule  -  stainless  steel)  and,  accordingly,  in  a  un¬ 
loaded  sample  increases  so,  that  w-phase  decays  completely.  On  this  fact  the 
evaluation  of  residual  temperature  is  based. 
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The  kinetics  of  co-phase  decay  during  heating  at  atmospheric  pressure 
was  described  with  the  help  of  the  Avrami  equation  using  parameters,  defined 
in  laboratory  conditions.  Dependencies  of  co-phase  concentration  on  time  and 
residual  temperature  in  Zr  and  Ti  samples  were  obtained.  The  analysis  of  these 
dependencies,  comparison  them  with  experimental  qco(P)  curves  have  allowed 
to  make  evaluation  of  residual  temperatures  in  recovered  ampoules,  which  are 
realised  in  concrete  conditions  of  experiment.  Thus  we  put  in  correspondence 
to  pressure  P*  the  temperature,  at  cooling  from  which  in  laboratory  conditions 
co-phase  decayed  completely.  An  assumption  was  made  that  the  thin  loaded 
samples  were  in  thermal  equilibrium  with  a  steel  ampoule  during  its  cooling. 

Obtained  values  of  residual  temperature  in  steel  240  -  500°C  in  an  inter¬ 
val  of  pressure  230  -  320  kbars  have  appeared  much  above  than  values,  ob¬ 
tained  from  calculations,  usually  used  at  temperature  evaluations  in  shock 

waves. 


QUANTUM-MECHANICAL  CALCULATION  OF 
EQUATION  OF  STATE  IN  THE  CELL  MODEL 

V.M.Povyshev,  A.A.Sadovoy 

VNIIEF,  Sarov,  Russia 

Several  approaches  for  accounting  the  electron  structure  influence  on 
material  properties  [l]-[2]  are  known.  However  only  recently  some  systematic 

estimations  of  the  effect  have  been  published  [3]. 

The  authors  have  performed  accurate  quantum  mechanics  calculations  oi 
a  valence  electron's  electronic  spectrum  change  in  rectangular  and  spherical 
cells  with  the  boundary  condition  corresponding  to  vanishing  pulse  normal  to 
the  cell  surface.  On  these  data  base  within  the  material  cell  model,  equations 
were  derived  for  elastic  energy  and  elastic  pressure  depending  on  specific  vol¬ 
ume,  equilibrium  density  pO,  pressure  leading  to  electron  transition  into  the 
state  with  positive  total  energy  {ionization  by  pressure},  etc.  It  is  shown  nu¬ 
merically  that  at  p  <  pO  attractive  forces  are  prevailing  and  at  p<p0  repulsive 

forces. 

Theoretical  results  are  being  illustrated  by  numerical  calculations  on  uni¬ 
form  compression  of  atomic  hydrogen.  Potentials  of  developing  a  method  for 
many-electron  cell  model  are  discussed. 
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ON  SOLID  COMPOUND  ELECTRONIC  STRUCTURE 

FEATURES 

B.A.  Nadykto 

RFNC-VNIIEF,  Arzamas-16  (Sarov),  Russia 

The  presentation  gives  energy  values  of  outer  electrons  of  an  elementary 
atomic  cell  for  many  compounds  of  solids  from  computational  analysis  of  ex¬ 
perimental  compressibility  data.  The  data  pertains  both  to  compounds  in  the 
equilibrium  state  at  ambient  pressure  and  temperature  and  to  various  phases 
of  these  bodies  occurring  under  high  pressure  in  static  and  shock-wave  ex¬ 
periments.  The  parameters  are  estimated  and  equation  of  state  for  each  mate¬ 
rial  phase  is  computed. 

For  compounds  the  solid  elementary  cell  can  contain  several  atoms.  A 
simple  computation  is  possible  when  the  size  of  the  outer  electronic  shell  of 
one  of  the  atoms  or  ions  is  considerably  larger  than  electronic,  shell  sizes  of 
other  ions.  The  outer  electron  shell  is  therewith  in  the  electric  Field  of  ionic 
residues  of  other  cell  atoms,  it  experiences  a  certain  effect  of  neighboring  cells. 
In  this  case  pressure  is  mainly  determined  by  compression  of  the  electronic 
shell  of  the  largest  size. 

For  many  compounds,  including  quite  complex,  the  obtained  values  of 
solid  atomic  state  energies  give  grounds  to  consider  them  basing  on  electronic 
configuration  of  inert  gases.  Implementation  in  this  configuration  of  the  states 
containing  various  electron  quantities  in  the  outer  electron  shell,  alongside  the 
crystal  structure,  determines  compressibility  of  a  given  material  in  one  or  an¬ 
other  phase.  Energy  of  the  atomic  state  for  oxides  of  many  elements  per  one 
oxygen  atom  is  100  eV  which  is  characteristic  of  stishovite  ( BeO ,  MgO ,  CaO, 
Sn02,  ALOs ,  Fe203,  U02 ,  ZnO ,  etc.).  For  ail  of  these  compounds  one  can  ex¬ 
pect  presence  of  neon-like  states  of  oxygen  ions  in  a  solid  cell.  The  same  energy 
value  is  observed  in  high-pressure  phases  of  CaF2,  NaF,  and  MgF2.  In  these 
compounds  one  can  expect  the  neon-like  states  of  fluorine  ions. 

Under  pressure  new  electron  phases  of  density  both  higher  and  lower 
than  that  of  the  initial  phase  are  observed.  In  some  experiments  measuring 
material  density  both  during  pressure  increase  and  during  pressure  decrease  an 
incoincidence  of  the  P(r)  curves  in  these  two  processes  (hysteresis)  is  observed. 

The  analysis  made  shows  that  for  many  materials  at  standard  ambient 
pressure  and,  the  more  so,  at  compression  the  properties  emerge  relating  to 
various  electron  states  in  a  solid  atomic  cell.  The  diversity  of  solid  electron 
phases  is  a  reflection  of  the  energy  variety  of  the  electronic  excited  states  which 
are  observed  in  spectroscopy.  The  difference  is  that  in  spectroscopy  the  energy 
levels  of  free  atoms  and  molecules  are  observed,  while  in  a  solid  the  atom  en¬ 
ergy  levels  are  of  a  fixed  volume. 

1 .  Nadykto  B.A.//  UFN.  1 993.  V.  1 63,  No.9.  P.37-75. 
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EQUATION  OF  STATE  OF  COLD  HYDROGEN  IN 
ANALYTICAL  FORM 

Shcherbakov  V.A. 

RFNC-  VNIIEF  (Sarov) 

Basing  on  elementary  physical  notions  of  various  states  of  cold(at  zero 
temperature)  hydrogen  (and  hydrogen  isotopes)  at  its  varying  density  and  its 
reference  parameters  (solid  hydrogen  density  rr,  solid  hydrogen  sound  speed 
Ct,  sublimation  energy  Ec,  dissociation  energy  Ed  and  ionization  energy  Eu, 
one  can  find  analytical  expressions  for  pressure  p  and  energy  E  as  r  density 
function:  P(r),  E(r), which  agree  within  a  good  accuracy  with  modern  quantum 
mechanics  computations  and  experimental  data.  The  qualitative  view  of  the 
dependencies  P(r)  and  E(r)  is  given  in  the  following  figure: 


Here: 

0  <p  <pT  -  molecular  rarefied  phase; 
pT  <p  <pc  -  molecular  condensed  phase; 

pc  <p  <pu  -  molecular  compressed  gaseous  phase  (phase  transition  re¬ 
gion); 

pu  <p  <pn  -  atomic  phase; 
pn  <p  -  plasma  phase. 

Dotted  line  at  0  <p  <pn  -  virtual  atomic  partially  ionized  phase. 
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THE  GENERA  EOS  MODELS  AND  THE  CALCULATION 
OF  INTERATOMIC  PAIR  POTENTIAL  FROM  SPECIFIC 
POTENTIAL  ENERGY 

J.Moore,  M. A. West* 

Atomic  Weapon  Establishment,  Aldermaston,  UK;  *  Frazer-Nash  Consul- 

tancy  Ltd.,  UK 

The  Genera  EOS  models,  being  developed  at  AWE,  will  be  surveyed. 
Progress  on  the  determination  of  interatomic  pair  potential  from  specific  po¬ 
tential  energy,  calculated  by  Genera,  will  be  described.  This  is  a  step  in  the  cal¬ 
culation  of  EOS  for  polymorphic  materials. 

KO3^0)HIi;HEHT  rPIOHAH3EHA  H  H30X0PH0- 
H30TEPMHHECKHH  nOTEHUJiAJI 
KOHflEHCHPOBAHHblX  CPE A 

A.M.  Mojio^eu,  M.A.  Mojio/ieu,  C.C.  Ha6aTOB 

HHcmumym  TlpodneM  XuMunecKOU  0u3Uku  PAH, 
HepnozojioeKa,  Poccum 

KaK  XOpOLUO  H3B6CTHO,  TenJIO(|)H3HHeCKHe  CBOHTCTBa,  B  TOM  HHCJie 
ypaBHeHHfl  coctohhhh  BemecTBa,  mo>kho  CHHTaTb  ycTaHOBJieHHbiMH,  ecuw 
onpe^ejieHbi  ero  TepMOAHHaMHHecKHe  noTeHunanbi.  Oahhm  H3  caMbix 
yAobHbix  TepMOAHHaMHHecKHx  noTeHUHaJlOB  uBJiaeTca  ^  H30xopHO- 
n30TepMHMecKHM,  KOTopbiH  Taioice  Ha3biBaioT  cbo6oahoh  aHepmeii 
TejibMrojibua  hjih  npocTO  cboSoahoh  3Heprnen. 

Jfjis  n3oxopHO-H30TepMHHecKoro  noTemjHajia  KOHfleHcnpoBaHHbix  cpe/t 
F(V,T)  BecbMa  npaKTHMHbiM  OKa3anocb  Bbipa>KeHHe  b  TaK  Ha3biBaeMOM 
KBa3HrapMOHHHeCKOM  npH6jIH>KeHHH  fljia  CHCTeMbI  He3aBHCHMbIX 
OCUHJUIHTOpOB  OfiHUJTeHHa.  TBep^blX  TeJI  OHO  HMeeT  BHA 

F(V,T)  =  EX(V)  +  3R(O,50  +  Tln[  1  -  exp(-0/T)])  (1) 

^jia  KaKoro-Jinbo  BemecTBa  noTeHLtnaji  (1)  CHHTaeTca  3aaaHHbiM,  ecjin 
H3BeCTHbI  ABe  KJIIOHeBbie  4>yHKLtHH  -  o6beMHafl  3aBHCHMOCTb  nOTeHUHaJIbHOH 
3HeprHH  Ex(V)  m  o6i>eMHo-TeMnepaTypHaa  3aBHCHMOCTb  xapaKTepHCTHHecKOM 
TeMnepaTypbi  0  (V,T).  Ecjih  3th  (|)yHKi4HH  HanAeHbi,  to,  HanpHMep, 
TepMHHecKoe  ypaBHeHHe  coctouhhh  stoto  BemecTBa  onpeAenaeTCfl  npocTbiM 
nacTHbiM  AHd)iepeHHHHpOBaHHeM  F  no  V 

P(V,T)  =-d¥/dV  =  PX(V,T)  +  T3R0  [0,5  +  (exp(0/T)  -  1)  !]/V  (2), 

b  kotopom  noaBJiaeTca  xapaKTepHaa  Ana  KBa3nrapMOHHHecKoro 

npH6jiH>KeHHH  Ba>KHaa  (jiyHKqHH  -  K03(J)(})HLtHeHT  rpioHansena  T.  Flo 

onpeAejreHHio  F  ecTb  nacTHaa  jiorapH<J)MHHecKaa  npoH3BOAHan 
xapaKTepHCTHHecKOM  TeMnepaTypbi  no  obieMy 
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r  =  -  3Ln0/3LnV  (3). 

Pojlb  KOafJxJjHAHeHTa  rpK)HaH3eHa  BbIXOAHT  flaJieKO  3a  paMKH  TOJlbKO 
TepMHHecKoro  ypaBHeHHfl  coctojihha  (2)  .  ^eno  b  tom,  hto  Me>KAy  T  h 
noTeHUHajibHOH  3HeprneH  Ex  cymecTByeT  cBH3b.  CpeAH  pwa  cootholhchhh, 
Bbipa^KaioinHX  3Ty  cBA3b,  HandoAee  yAaHHOH  npeACTaBJiaeTCH  nnoHepcKaa 
(})opMyjia  CjiaTepa: 

r  =  -  2/3  -  0,5V(d3Ex/dV3)/(d2Ex/dV2)  (4). 

Ejiaroaapfl  3TOMy  cootholuchhio,  Koa^tjmuneHT  TpK)HaH3eHa  HapflAy  c 
noTeHUHajibHOH  3HeprneH  h  xapaKTepncTHnecKOH  TeMnepaTypon  npnodpeA 
(|)aKTHHecKH  paHr  TpeTbew  KJiioHeBOH  (JjyHKqHH  b  npo6jieMe  ypaBHeHHH 
COCTOHHH5I  KOHACHCHpOBaHHblX  CpeA-  IIOAHepKHeM  3fleCb  OAHH  0C06bIH 
BapnaHT  npHMeHeHHB  (4). 

3aMeTHM,  hto  TpexKpaTHoe  HHTerpnpoBaHHe  cootholhchhh  CjiaTepa  (4) 
AaeT  noTeHunajibHyio  3HeprHio,  a  oAHOKpaTHbiM  HHTerpnpoBaHHeM 
onpe^ejieHHfl  (3)  HaxoAHTCH  xapaKTepHCTHHecKaH  TeMnepaTypa.  TaKHM 
o6pa30M  OKa3bIBaiOTCH  HaHAeHHbIMH  o6e  KJIIOHeBbie  (JjyHKLJHH  Ex  h  0,  HTO 
paBHOCHJibHO  nocTpoeHHio  H3pxopHO-H30TepMHMecKoro  noTeHqHajia  (1). 
Ycnex  3TOH  npocTOH  npoueAypbi  KapAHHaAbHO  3aBHCHT  ot  aoctobcphocth 
Hcnojib3yeMOH  odbeMHO-TeMnepaTypHOH  3aBHCHMOCTH  KoacJximUHeHTa 
rpioHaH3eHa.  /(o  nocAeAHero  BpeMeHH  b  3tom  oTHomeHHH  omymaAca  HBHbin 
Ae(})HLtHT,  hto  no-BH^HMOMy  cjiyjKHUO  rjiaBHOH  npHHHHOH  HenonyAHpHOCTH 
yKa3aHHoro  npneMa  nocTpoeHHH  H30xopHO-  H30TepMHHecKoro  noTeHunajia. 

B  nocjieAHHe  roAW  6bijia  npeAAO>KeHa  aBTopcKaa  odbeMHo- 
TeMnepaTypHaa  3aBHCHMOCTb  K03(|)(j)HijHeHTa  TpLOHaifoeHa 

r  =  2/3  -2/(1  -aVo/V)(5), 

KOTOpasi  no3BOJiHJia  b  nojiHOH  Mepe  peajiH30BaTb  HeTpaAHHHOHHbiH 
npneM  nocTpoeHHa  H30xopHO-H30TepMHHecKOro  noTeHi;Hajia  TBepAbix  Teji  [1]. 

3tot  >xe  npneM  6bui  ncnojib30BaH  h  aah  onncaHHH  TepMOAHHaMHHecKHX 
CBOHCTB  >KHAKOCTH  [2],  TAG  H30X0pH0-H30TepMHHCCKHH  nOTeHLJHaA  >KHAKOCTH 
onpeAenaACJi  b  paMKax  peuieTOHHOH  moacah  (cm. [3]),  KOTOpas  Aynrne  Bcero 
npneMAeMa  b  o6aacth  bmcokhx  AaBAeHHH.  llpn  3tom  pemeTOMHaa  MOAeAb 
AonoAHHAacb  HAeoAornen  [4].  no  aHaAornn  c  [4]  ocHOBHoe  AonoAHeHHe  b 
cAynae  >khakocth  3aKAK>HaeTCH  b  Ao6aBAeHHH  3HTponHHHoro  CAaraeMoro 
Tnna  asRT  b  npaByio  nacTb  Bbipa>KeHHfl  aah  H30xopHo-  H30TepMHHecKoro 
noTeHunaAa  TBepAoro  Tena  (1). 

OSiAne  pe3yAbTaTbi  noATBep>KAaK>TCfl  Ha  npHMepe  CHAbHoro  okathh 
MeTaAAHnecKHX  (Pb,  Mo)  h  BaAeHTHbix  (aAMa3,  rpa(f)HT)  KpHcraAAOB  h  hx  pacnnaBOB, 
a  Taioxe  HOHHbix  KpHcraAAOB  (Csl)  b  Anana30He  AaBAeHHH  ao  cotch  T  na. 

PadoTa  BbinoAHeHa  npn  nacTHHHOH  noAAep>KKe  POOH  ( rpaHTN0  98-03-32215) 
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2.  Molodets  A.M.  et  al//  Bull.Amer.Phys.Soc.  1 997.  V.42,  No  5,  P.5 1 0. 

3.  IJflHb  C33-CeHbio.  On3HHecKaa  MexaHHKa.  M.Mnp.  1965. 
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QUANTUM-STATISTICAL  HUGONIOTS  OF  POROUS 

SUBSTANCES 

N.N.Kalitkin,  L.V.Kuzmina 

Institute  for  Mathematical  Modelling,  Moscow,  Russia 

Quantum-statistical  model  (QSM)  describes  adequately  thermo¬ 
dynamics  of  atom  with  outer  electron  shells  "broken"  by  external  pres¬ 
sure  so  that  their  electrons  have  continuous  spectrum.  It  provides  a 
proper  behaviour  of  Hugoniots  for  condensed  and  modestly  porous 
substances  at  pressures  from  10-100  Mbars  up  to  10-100  Gbars  (lover 
figures  correspond  to  light  substances,  upper  ones  -  to  heavy  sub¬ 
stances). 

Detailed  tables  of  QSM  Hugoniots  were  calculated  for  more  that 
80  elements  and  simpliest  compounds  for  porosities  l<ra<10.  Simple 
analytic  approximations  were  constructed  owing  accuracy  about  0,05% 
for  shock  wave  velocities  and  0,3%  for  densities  at  Z>10,  i.e.  not  worse 
that  accuracy  of  QSM  itself.  These  approximations  are  recommended 
as  reference  data. 

The  main  QSM  Hugoniot  for  copper  was  treated  with  all  pub¬ 
lished  experimental  points  (-250).  The  wide-range  Hugoniot  was  con¬ 
structed  which  is  applicable  at  P<300  Gbars  and  has  unique  accuracy  - 
0,1%  at  P<5  Mbars.  It  is  recommended  as  the  standard  to  interprete 
another  shock-wave  experiments. 

This  work  was  supported  by  Russian  Foundation  for  Basic  Re¬ 
searches,  grant  Ns  96-01-00305. 
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SESSION  "Equations  of  State  and  Phase 
Transitions  -  II" 

Co-Chairmen: 

I.Lomonosov  -  Institute  of  Chemical  Physics,  Chemogolovka,  Rus¬ 
sia 

P.Thompson  -  Atomic  Weapon  Establishment,  Aldermaston,  UK 

MULTI-PHASE  EQUATIONS  OF  STATE  FOR  METALS  AT 
HIGH  DYNAMIC  PRESSURE 

I.  V.  Lomonosov,  V.  E.  Fortov,  K.  V.  Khishchenko,  P.  R.  Le¬ 
vashov 

High  Energy  Density  Research  Center  RAS,  Moscow,  Russia. 

The  thermodynamic  properties  of  metals  over  a  wide  region  of  phase 
diagram  are  being  studied  by  different  experimental  methods.  Measurements 
of  the  principal  and  porous  Hugoniots,  as  well  as  release  isentropes,  provide 
for  a  knowledge  of  pressure,  density  and  internal  energy.  Temperature  data 
were  received  recently  in  advanced  works  for  shocked  iron  and  lead  and  for  is- 
entropic  released  lead.  Unlike  shock-wave  data,  isobaric  expansion  (IEX) 
measurements  allow  to  receive  an  information,  which  is  complete  from  ther¬ 
modynamic  sense:  measured  at  constant  pressure  are  density,  temperature,  en¬ 
thalpy  and  sound  velocity.  The  generalization  and  critical  analysis  of  shock- 
wave  and  IEX  data,  density  measurements  of  liquid  metal  and  evaluations  of 
critical  point  is  done  with  the  use  multi-phase  equation  of  state  (EOS).  EOS 
for  major  metals  wefe  constructed  along  with  calculation  of  their  phase  dia¬ 
grams  in  a  wide  range  of  pressures  and  temperatures.  Presented  are  results  for 
Al,  Ni,  Cu,  Mo,  Ta,  W,  Pb,  and  some  other  metals.  It  is  shown  that  for  the 
most  investigated  metals  EOS  describes  all  mentioned  above  data.  So  the 
shock-wave  and  IEX  data,  as  well  as  density  measurements  agree  with  each 
other.  Anomalous  properties  of  liquid  Mo  and  W  and  a  possible  explanation 
of  these  data  are  discussed. 
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DATA  BASE  ON  SHOCK-COMPRESSED  CONDENSED 
MATTER  PROPERTIES 

P.  R.  Levashov,  V.  E.  Fortov,  K.  V.  Khishchenko,  I.  V.  Lomono¬ 
sov 

High  Energy  Density  Research  Center  RAS,  Moscow,  Russia 

Shock  wave  studies  made  it  possible  the  knowledge  of  information  on 
thermodynamic  properties  of  matter  under  conditions  of  extremely  high  pres¬ 
sure  and  temperature.  Measurements  of  principal,  reflected  and  porous  shock 
Hugoniots  and  determinations  of  release  isentrope  parameters  cover  a  broad 
range  of  the  phase  diagram.  This  unique  information  embraces  nine  orders 
with  respect  to  pressure  and  five  orders  with  respect  to  density.  All  of  the  data 
are  unique  and  have  their  own  history  and  present  a  result  of  difficult  expen¬ 
sive  experiments.  Scientific  community  published  a  large  amount  of  papers 
which  contain  ca.  10000  experimental  points.  These  data  have  been  collected 
and  stored  as  ASCII  files.  The  special  procedure  is  developed  to  convert  origi¬ 
nal  ASCII  files  to  SQL  format.  The  data  base  containing  300  references  and 
10000  records  is  constructed.  The  system  interface  allowing  on-line  and  e-mail 
access  to  the  data  base  was  elaborated  and  tested.  The  data  base  is  installed  on 
UNIX-platform  with  the  use  of  SQL  and  Perl  languages.  The  system  interface 
provides  for  an  access  to  the  server  with  installed  data  base  through  WWW¬ 
gateway  by  address 

http://teos.ficp.ac.ru/rusbank/  or  http://193.233.42.5/rusbank/. 

The  work  has  been  done  with  RBRF  support  by  grant  No.  97-07-90370.  , 

ON  ALKALI  METAL  HYDRIDE  COMPRESSIBILITY  AND 

STRUCTURE 

B.A.Nadykto,  *O.B.Nadykto 

RFNC- VNIIEF,  Arzamas-16  (Sarov),,  *  SSCRF-VNIINM,  Moscow,  Russia 

Alkali  metal  hydrides  exhibit  quite  a  complex  behavior  under  pressure. 
In  the  studied  pressure  range  most  of  them  exhibit  phase  transitions  [1-3].  Hy¬ 
dride  compressibility  experimental  data  can  be  used  to  estimate  the  electron 
structure  characteristics  of  these  various  phases  (effective  energy  of  solid 
atomic  cell)  according  to  model  [4]. 

Under  the  standard  conditions  the  alkali  metal  hydride  atomic  cell  effec¬ 
tive  energy  values  show  their  proximity  to  those  for  the  corresponding  alkaline 
earth  element.  It  is  usually  agreed  that  in  alkali  metal  hydrides  the  charge  is 
transferred  from  the  metal  atom  to  hydrogen  and,  hence,  the  ionic  bond  is  re¬ 
alized.  The  hydride  compressibility  data  provides  the  ground  to  infer  another 
electron  configuration  where  the  hydrogen  atom  electron  builds  up  the  Cs 
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atom  shell  to  the  Ba  electron  configuration.  Both  the  outer  electrons  are 
therewith  in  the  electric  field  both  of  Cs+  and  H+. 

The  energy  of  the  cesium  atom  affinity  to  proton  is  7.6  eV,  the  potential, 
of  ionization  of  the  isolated  molecule  CsH  seems  to  be  close  to  the  potential  of 
Ba  atom  ionization,  5.2  eV.  Their  sum,  12.8  eV,  is  somewhat  less  than  the  en¬ 
ergy  of  electron  in  the  hydrogen  atom  ground  state.  The  electron  transfer  from 
the  hydrogen  atom  to  the  cesium  atom  in  solid  CsH  and  creation  of  the  elec¬ 
tron  configuration  of  two  outer  electrons  in  the  electric  field  of  the  Cs+  and 
H+  atomic  core  similar  to  the  electron  configuration  of  the  barium  atom  may 
be  due  to  the  interaction  with  the  neighboring  atomic  cells.  This  interaction 
noticeably  increases  the  electron  energy  in  the  equilibrium  state  in  the  solid 
atomic  cell.  For  example,  for  alkali  metals  this  energy  increase  is  by  a  factor  of 
1.4-2.  At  this  considerable  energy  increase  due  to  the  inter-cell  interaction  it 
does  not  seem  impossible  that  a  barium-like  configuration  of  CsH  molecule 
outer  electrons  can  occur.  Thus,  a  situation  can  arise  where  the  electron  con¬ 
figuration  (and  the  chemical  bond  type)  will  be  different  in  the  isolated  mole¬ 
cule  CsH  and  solid  molecular  cell. 

The  presentation  analyzes  compressibility  data  for  various  phases  of  al¬ 
kali  metal  hydrides  and  compares  it  with  similar  data  for  alkaline  earth  ele¬ 
ments.  It  is  noted  that  under  pressure  alkali  element  hydrides  frequently  im¬ 
plement  electronic  states  close  to  alkaline  earth  element  states.  In  alkali  metal 
hydride  the  phase  transition  from  B1  to  B2  structure  occurs  under  pressure  as 
in  alkali  earth  metal.  In  the  high  pressure  range  CsH  compression  corresponds 
to  compression  of  the  elementary  cell  with  4  or  5  outer  electrons,  similar  like 
this  is  observed  in  Ba.  The  difference  is  that  in  CsH  the  equilibrium  density  of 
this  phase  r=6.7g/cm3  is  less  than  n  Ba,  r=8.85  g/cm3. 

1 .  Hochheimer  H.D.,  Strossner  K.,  Honle  W.,  Baranowski  B.,  Filipek  F.  //Z. 
Phys.  Chem.  1985.  Vol.  143.  P.  139. 

2.  Duclos  S.J.,  Vohra  Y.K.,  Ruoff  A.L.//Phys.  Rev.  1987.  Vol.  B36,  N14. 
P.7664. 

3.  Ghandehari  K.,  Luo  H.,  Ruoff  A.L.,  Trail  S.S.,  DiSalvo  F.J.  //Phys.  Rev. 
Lett.  1995.  Vol.  74,  N  12.  P.  2264. 

4.  Nadykto  B.A.//UFN.  1993.  V.163,No.9.  P.37. 

5.  LASL  Shock  Hugoniot  Data.  Edit.  S.P.  Marsh.  University  of  California 
Press.  Berkeley.  Los  Angeles.  London.  1980. 

6.  Lidin  P.A.,  Molochko  V.A.,  Andreyeva  L.L.  Chemical  properties  of  inor¬ 
ganic  materials.  Moscow,  Khimiya  Publishers,  1996. 
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AIR  EFFECT  ON  POROUS  METAL  BEHAVIOR  AT 
SHOCK-WAVE  LOADING 

L.F.Gudarenko,  V.G.Kudelkin 

Russian  Federal  Nuclear  Center  -  VNIIEF,  Arzamas- 16,  Russia 

Models  are  analyzed  designed  for  description  of  porous  metal  behavior 
at  shock  compression  and  subsequent  expansion.  Experimental  data  obtained 
for  samples  of  some  metals  (copper,  iron,  nickel,  etc.)  of  an  initial  density  up 
to  20  times  lower  than  normal  in  the  pressure  range  up  to  ~90  Pa  was  used  to 
study  the  effect  of  air  in  sample  pores  on  their  behavior  at  shock  loading  and 
subsequent  isentropic  expansion.  The  experimental  data  is  compared  with 
computations  by  several  models  which  both  do  and  do  not  take  into  account 
sample  pore  air  effect.  State  regions  where  the  models  can  be  used  considering 
porous  samples  as  initial  material  of  a  lower  density  (without  taking  into  ac¬ 
count  air)  and  those  where  the  air  effect  becomes  noticeable  and  should  be 
taken  into  account  are  distinguished. 

SHOCK  COMPRESSIBILITY  OF  FIVE  POLYMER  MATE¬ 
RIALS  AND  THEIR  EQUATION  OF  STATE  AT  HIGH  EN¬ 
ERGY  DENSITY 

K.  V.  Khishchenko,  I.  V.  Lomonosov,  *M.  V.  Zhernokletov,  *V. 

V.  Shutov,  *Yu.N.SutuIov 

High  Energy  Density  Research  Center  RAS,  Moscow,  * Russian  Federal 
Nuclear  Center  —  All-Russian  Scientific  Research  Institute  of  Experimen¬ 
tal  Physics,  Sarov,  Russia 

The  equation  of  state  of  materials  under  the  shock-wave  effect  is  very  in¬ 
terest  for  high-energy-density  physics.  In  this  paper  shock  compressibility  of 
five  polymer  materials  (high-density  polyethylene,  polycarbonate,  polystyrene, 
high-impact  polystyrene,  polymethaphenileneisophthalamide)  up  to  60  GPa 
pressure  has  been  experimentally  investigated.  The  analysis  of  the  obtained 
data  for  polycarbonate,  polystyrenes,  and  polyamide  testifies  to  presence  of 
physical  and  chemical  conversion  of  materials  in  the  front  which  begins  at  the 
pressure  of  18-21  GPa  and  runs  at  a  considerable  variation  in  medium  density 
(about  20%)  and  compressibility.  Similar  conversions  under  dynamic  loading 
attended  with  abrupt  material  compaction  are  characteristic  of  the  whole  class 
of  aromatic  systems  which  involve  these  polymers  and  are  accounted  for  by 
failure  of  the  chemical  bonds  of  the  original  compound  and  generation  of  a 
low-compressible  mixture  of  diamond-like  carbon  phase  and  various  low- 
molecular  components.  All  obtained  data  are  used  to  construct  polymers 
semiempirical  equations  of  state  for  wide  range  of  high-energy-density  states, 
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the  aromatic  substances  thermodynamic  properties  being  described  separately 
for  materials  before  and  after  the  conversion. 

ATTRACTIVE  SOFT-SPHERE  EQUATION  OF  STATE 
A.  Yu.  Babushkin,  A.I.  Lyamkin,  S.T.  Popov 

Krasnoyarsk  State  Technical  University  Krasnoyarsk,  Russia 

Complete  first-principles  determination  of  interacting  particles  system 
equation  of  state  is  an  unresolved  problem.  So  the  values  of  eight  virial  coeffi¬ 
cients  are  determined  for  the  hard  sphere  system  as  the  most  simple  and  theo¬ 
retically  investigated  but  they  are  not  sufficient  for  the  thermodynamic  proper¬ 
ties  description  of  the  whole  of  parameters  range. 

Modern  calculated  methods  of  statistic  physics  allow  to  solve  the  prob¬ 
lem  otherwise.  Thermodynamical  characteristics  of  the  system  with  pair  poten¬ 
tial  as  hard  and  soft  spheres,  exp-6  type  and  other  are  safely  defined  by  the 
Monte-Carlo  and  molecular  dynamics  methods.  On  the  basis  of  these  data 
there  was  suggested  a  number  of  approximative  equation  of  state  relating  to 
the  hard  spheres,  for  example  Carnahan-Starling  equation  for  the  liquid  phase 
and  Hall  equation  for  the  solid  one.  Equation  of  state  taking  into  account  at¬ 
tractive  forces  in  hard  spheres  system  was  obtained  at  average  field  ap¬ 
proaching  [1].  The  equation  describes  the  corresponding  model  system  quanti¬ 
tatively  as  distinct  from  van  der  Waals  equation  of  state  which  describes  it 
qualitatively. 

In  this  paper  similar  equation  of  state  construction  is  realised  for  the  soft 
spheres  systems.  Thermodynamic  functions  of  system  with  pair  potential 

u  =s  (v/rf  may  be  expressed  as  functions  of  dimensionless  combination 

x  =  [py! where  py(V)  =  b/V^1  -  cold  pressure  in  closely  packed 

system  at  the  same  volume  V.  Equation  of  state  in  the  unknown  x  takes  on  the 
form 

z  =  pV  =  <p(*) 

RT  \-x ’ 

where  cp(jc)  -  limited  function  with  x  change  range  (0,  1).  Its  asymptotic 

behaviour  at  low  (x  -*  0)  and  high  (X  -»  1)  densities  is  found  theoretically. 
Using  additional  data  by  Monte-Carlo  calculation  or  molecular  dynamics  for 
intermediate  densities,  the  function  <p(x)  may  be  aproximated  by  proper  de¬ 
pendence. 

In  this  way  equations  were  obtained  for  value  n  =  12 
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Z(fluid)  = 


1-0.1 13238x  +  0.096735X2  -0.027677x3  +  0.020 164x4 
(l-x)(l-0.7486147x) 


Z(solid)  =  111  + 1.411812  -  0.1 49572(1  -x)  +  5.575065(1  -  xf  +  207.86305(1  -  x)' 
\-x 

graphical  depiction  of  which  is  shown  on  the  figure. 


At  the  average  field  approaching  the  attraction  of  the  soft  spheres  is 
taken  into  account  as  follows:  expression  p  =  p  +  a/V2  substitutes/?  in 
definition  of  x,  where  a  is  a  constant  characterising  the  attraction.  Isotherms 
of  the  modified  equation  have  the  van  der  Waals  type.  Compressibility  in  the 

critical  point  Zc  equals  0.353.  More  general  character  of  attractive  forces  is 
described  by  the  substitution  p  for  p  =  p  +  a(T)/Va  in  the  equation.  The 
generalisation  may  be  substantiated  qualitatively.  For  values  n  =  12  and 
a  =  1.8  the  compressibility  Zc  is  equal  to  0.290,  that  corresponds  to  the 

critical  compressibility  of  the  majority  of  inert  and  nonpolar  gases. 

The  proposed  equation  of  state  has  an  analytical  form  and  describes  the 
model  close  to  reality  and  has  attractive  properties  for  practical  application. 
Among  them  are  simplicity  and  naturallity  of  definition  of  the  potential  char¬ 
acteristics  in  accordance  with  the  experimental  data  (shock  adiabate  and  criti¬ 
cal  magnitude  values).  Due  to  its  properties  the  equation  of  state  may  serve  as 
a  reliable  instrument  in  investigation  of  the  detonation  and  other  processes 
under  high  pressure. 

1.  D.A.  Young,  B.J.  Alder,  Phys.  Rev.  A  3(1),  364  (1971). 
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2.  W.G.  Hoover,  M.  Ross,  K.W.  Johnson,  J.  Chem.  Phys.  52(10),  4931 
(1970). 

3.  J.-P.  Hansen,  Phys.  Rev.  A  2(1),  221  (1970). 

4.  J.N.  Cape,  L.V.  Woodcock,  J.  Chem.  Phys.  72(2),  976  (1980). 

EXPERIMENTAL  DEFINITION  OF  Griineisein’S  FAC¬ 
TOR  FOR  DECOMPOSITON  PRODUCTS  OF  SOLID  HIGH 
EXPLOSIVES  IN  A  STAGE  OF  STRONG  EXPANSION 

E.E.  Lin,  V.A.  Mazanov,  A.V.  Sirenko 

Russian  federal  nuclear  center  -  All-Russia  research  institute  of  experi¬ 
mental  physics,  Sarov,  Russia 

Strong  expansion  stage  of  decomposition  products  (DP)  of  TNT/RDX 
compositions  50/50  and  25/75  is  investigated.  The  earlier  offered  method  [1] 
for  determing  Griineisein's  factor  yo,  which  is  appropriate  to  this  stage  of 
DP  expansion,  is  used.  The  specified  method  consists  in  measurement  of  hy¬ 
drostatic  pressure  P  of  DP  in  closed  evacuated  chamber  and  in  the  subsequent 
calculating  from  calorical  equation  of  state  for  an  ideal  gas.  In  the  given 
work  the  measurements  of  pressure  ware  carried  out  in  the  closed  spherical 
explosive  chamber  with  inner  diameter  of  0,65  m,  in  which  the  spherical 
charges  from  TNT/RDX  50/50,  having  the  weight  from  190  g  to  570  g  were 
undermined.  Thus  average  density  of  EP  in  the  chamber  was  varied  in  a  range 
po  —  1 .35  -r  4.0  kg/m3 4,  and  the  dependence  P(po)  had  a  linear  kind.  The  value  yo 
for  DP  of  TNT/RDX  50/50  under  expansion  degree  of  ~103,  established  on  the 
basis  of  this  dependence,  is  equal  to  0,20-0,23.  The  experiments  with 
TNT/RDX  25/75  were  carried  out  in  cylindrical  chamber  [1].  Average  density 
of  DP  was  varied  in  a  range  po  =  10  -r  40  kg/m3.  The  dependence  P(po)  had  a 
linear  kind  in  the  pressure  range  up  to  about  20  MPa,  the  speed  of  sound  in 
DP  within  the  chamber  is  approximately  equal  to  1100  m/s.  The  value  ya  for 
DP  of  TNT/RDX  25/75  under  expansion  degree  of  ~1 102  is  equal  to  0.2. 

Alongside  with  the  data  [1-4]  these  values  can  be  used  for  specification  of 
isentropic  parameters  under  DP  expansion  in  laboratory  explosive  devices. 

1.  E.E.  Lin,  A.V.  Sirenko,  A.I.  Funtikov  //  The  Physics  of  Combustion  and 
Explosion.  1980.  V.16.  JST°  4.  P.133. 

2.  K.P.  Stanjukovitch  (ed.)  The  Physics  of  Explosion.  Moscow:  Science,  1975. 
P.97. 

3.  V.F.  Kuropatenko  //  The  Physics  of  Combustion  and  Explosion.  1989. 
V.25.N9  6.  P.112. 

4.  E.E.  Lin,  V.Yu.  Mel'tsas,  S.A.  Novikov,  E.N  Paschenko,  A.V.  Sirenko, 
B.P.  Tikhomirov  //  Proceedings  of  16™  INTERNATIONAL 
SYMPOSIUM  ON  BALLISTICS ,  SAN  FRANCISCO,  CA,  23-28 
SEPTEMBER,  1996. 
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PHYSICOCHEMICAL  TRANSFORMATIONS  OF  SARA¬ 
TOV  CHONDRITE  IN  SPHERICAL  SHOCK  WAVES 

E.A.  Kozlov,  Yu.N.  Zhugin,  B.V.  Litvinov,  G.V.Kovalenko,  M.A. 
Nazarov*,  D.D.Badjukov* 

Russian  Federal  Nuclear  Center  -Research  Institute  of  Technical  Physics, 
Snezhinsk,  "V.I.  Vernadsky  Institute  of  Geochemistry  and  Analytical 
Chemistry,  RAS,,  Moscow,  Russia 

The  experimental  set-up  [1]  for  loading  of  the  recovered  sample  of 
Saratov  chondrite  (of  the  type  L4)  by  spherically  converging  shock  wave 
up  to  pressures  and  temperatures  being  unattainable  in  the  modern  static 
installations  is  described.  The  calculated  evaluations  of  changes  with  time 
in  pressures  P(R,  t)  (Fig.  1)  and  temperatures  T(R,  t)  realized  during 
loading  of  chondrite  for  a  number  of  Lagrange  particles  located  highly 
0.25  <  R/Rexpi.  <  0.375  and  deeply  R/RexPi.  <  0.2  along  the  radius  R  are 
presented.  Rexpi.  =  40  mm  -  the  external  radius  of  the  high  explosive  layer. 
The  first  results  of  the  petrographic,  mineralogical  and  geochemical  inves¬ 
tigations  into  the  compressed  and  recovered  sample  with  initial  density 
equal  to  3.05  g/cm3  are  given. 

The  experiment  as  well  as  the  calculation  (Fig.  1,  2)  gives  evidence  of  the 
occurrence  of  three  zones  located  concentrically  along  the  radius  r  of  com¬ 
pressed  sample: 

•  region  with  the  compact  texture  containing  only  rare  veins  of  melt  at 
0.212  <r/RexPi<  0.375; 

•  region  of  the  melt  at  0.125  <  r/Rexpi.^  0.212; 

•  region  of  the  highly  overheated  and  boiled  melt  at  r/RexPi.  <  0.125. 
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Fig.  1 .  Calculated 
evaluations  of  pressure  as  a 
function  of  time  for  some 
Lagrange  particles  being  located 
deeply  along  the  radius  R  in  the 
initial  full  sphere.  The  curves  1-7 
correspond  to  particles  being 
initially  found  on  the  relative  radii 
R/Rexpi.  =  0.175;  0.150;  0.125; 
0.100;  0.075;  0.050;  0.025.  For  the 
better  obviousness  the  each  of 
curves  2-7  are  displaced  by  1  jus 
to  the  right. 


Fig.  2.  Trajectories  of 
changes  in  states  of  some 
Lagrange  particles  for  Saratov 
chondrite  which  are  found  deeply 
along  the  radius  R:  1  -  Hugoniot 
adiabat  of  a  single  compression;  2 
-  envelope  of  states  in  the 
isentropic  compression  wave;  3  - 
envelope  of  states  achieved  in  the 
front  of  shock  wave  reflected 
from  the  center;  4-9  -  isentropes 
of  unloading  from  different  initial 
states;  10-11  -  curves  of  melting 
for  the  Allende  chondrite 
according  to  the  results  of  the 
static  investigations  [2]. 


The  progressive  oxidation  of  iron  and  nickel  is  noted  with  decreasing  r  [3]. 
At  deep  radii  the  joint  coexistance  of  silicate  melts  and  metal-sulfide  fluids 
being  rich  in  iron  is  noted.  Analogous  sulfide  fluids  can  be  responsible  for  the 
distribution  of  siderophile  elements  between  the  core  and  the  mantle  of  the 
Earth  at  the  initial  stages  of  its  formation. 

1.  Kozlov  et  al.,  DAN ,  1997,  v.  353,  No.  2,  pp.  183-186;  v.  355,  No.  3,  pp. 
328-332. 

2.  Agee  et  al.,  J.  Geophys.  Res.,  1995,  v.  100,  pp.  17725-17740. 

Nazarov  et  al.,  Abstr.  XXVII LPSC  (1996). 
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LOADING  IMPULSE  AMPLITUDE  ESTIMATION  AC¬ 
CORDING  TO  FELDSPAR  CHEMICAL  COMPOSITION 
CHANGES  FOR  IMPACTED  ROCK 

E.A.Kozlov,  Yu.N.Zhugin,  B.V.Litvinov,  V.I.FeldmaiT, 
L.V.Sazonova*,  A.V.Medvedev* 

Russian  Federal  Nuclear  Center  -  Research  Institute  of  Technical  Physics, 
Snezhinsk,  (Chelyabinsk  -70),  *  Moscow  State  University,  Geological  De¬ 
partment,  119899,  Moscow,  Russia 

Experimental  research  of  the  Popigai  astrobleme  impacted  feldspar  has 
shown  that  under  the  action  of  shock  waves  on  the  contact  boundaries  of  the 
plagioclase  and  K-feldspar  grains  properly  oriented  relative  to  the  shock  wave 
front  the  zone  of  the  mutual  migration  of  cations  (K,  Na,  Ca)  with  the  conser¬ 
vation  of  the  stoichiometric  amounts  of  Si  and  AI  arises.  The  width  (L)  of  the 
mutual  migration  zone  of  the  Na  and  K  cations  does  not  exceed  300  mcm  and 
depends  on  containing  Ca  (An  %)  and  the  impulse  load  amplitude  up  to  45-55 
GPa  in  primary  plagioclase  that  corresponds  to  the  region  of  the  solid-state 
transformations  of  minerals  in  stress  waves. 

The  samples  of  the  fine-grained  pegmatite  (containing  55-60  %  of  micro- 
cline,  25  %  of  quartz,  12-17  %  of  plagioclase  Am  and  up  to  2-3  %  of  musco¬ 
vite)  and  of  the  fine-grained  biotite  granite  (containing  about  40  %  of  K- 
feldspar,  about  30  %  of  plagioclase  An?,  25  %  of  quartz,  5-7  %  of  biotite)  have 
been  used  in  laboratory  experiments.  The  ball-shaped  samples,  48  mm  in  di¬ 
ameter,  were  placed  into  steel  hermetic  covers  and  were  subjected  to  the  action 
of  spherically  converging  shock  waves  by  the  method  described  in  [1,2].  The 
amplitude  of  radial  stresses  generated  at  high  radii  in  the  external  layers  of  the 
balls  amounted  to  about  20  GPa,  but  at  the  deeper  radii  R=1  mm  its  value 
reached  250  GPa. 

As  a  natural  analogue,  the  samples  of  AR  biotite  gneisses  of  the  Popigai 
astrobleme  from  Russia  have  been  used  [3,4].  Gneisses  have  the  granoblastic 
texture  and  contain  about  50  %  of  plagioclase  An29,  about  20  %  of  K-feldspar, 
20-25  %  of  quartz  and  up  to  10  %  of  biotite.  The  amplitude  values  of  the  im¬ 
pact  load  tested  by  samples  under  natural  conditions  have  been  determined  by 
means  of  the  quartz  geobarometer  [4].  Morphology  of  the  rocks  and  chemical 
composition  of  its  minerals  after  shock -wave  loading  were  studied  by  SEM 
Camscan-4DV  with  Link  analyzer  AN- 10000.  In  all  three  cases  a  zone  of 
gradual  transition  from  one  mineral  to  another  one  was  recorded.  That  takes 
place  on  the  contact  boundaries  of  the  plagioclase  and  K-feldspar  grains  ori¬ 
ented  by  the  definite  way  relative  to  the  shock-wave  front.  The  statistic  proc¬ 
essing  of  the  relationship  between  the  zone  width  of  the  mutual  migration  of 


Na  and  K  and  the  shock  wave  amplitude  for  pairs  of  grains  whose  interfaces 
appeared  to  be  oriented  approximately  parallel  with  the  shock  wave  front  in 
the  loaded  and  recovered  samples,  was  presented  in  [5]. 

Thus,  the  estimation  method  of  the  shock  wave  amplitude  axx=<7xx(L,An) 
being  created  in  the  rock  of  the  similar  composition  at  a  large-scale  meteorite 
impact  has  been  developed  on  the  basis  of  the  experimental  data  obtained 
when  studying  the  contact  boundaries  state  of  K  and  Na  feldspar  grains  in  the 
granite  samples  having  different  primary  content  of  Ca  and  undergone  the 
shock-wave  loading  of  the  known  intensity  in  the  laboratory-scale  explosive 
experiments. 

The  phenomena  of  the  broadening  of  the  contact  boundaries  of  the  K 
and  Na  feldspar  grains  when  crossing  the  grains  boundaries  by  shock  waves 
with  amplitudes  up  to  axx  <45-55GPa  (that  corresponds  to  the  region  of  the 
solid-state  transformation  of  minerals  including  amorphization  in  stress 
waves)  in  the  direction  from  heavy  K  (39  g/mole)  to  light  Na  (23g/mole)  has 
been  revealed  during  study  into  the  compressed  and  recovered  samples  of 
rocks,  and  this  phenomena  is  analogous  to  the  stability  loss  of  the  contact 
boundaries  between  different  density  gases  or  liquids  as  a  result  of  the  Richt- 
myer-Meshkov  instability  development  in  them  [6-1  lj. 

1 .  Kozlov  E.A.,  In:  Metals  and  minerals  research  in  spherical  shock-wave  re¬ 
covery  experiments,  Litvinov  B.V.(ed),  Russian  Federal  Nuclear  Center- 
Research  Institute  of  Technical  Physics,  Snezhinsk  (Chelyabinsk-70), 
1996,  71p. 

2.  Kozlov  E.A.  et  ah,  Rep.Rus.Ac.Sci.,1996,v.351,  No.6,  pp.756-759;  Ibi¬ 
dem,  1997,  v.355,  No. 3,  pp.328-332;  Ibidem,  v.353,  No.2,pp.  183-186. 

3.  Masaitis  V.L.  et  ah,  Popigai  meteorite  crater,  Moscow,  NAUKA,  1975, 
p.  1 24. 

4.  Feldman  V.L,  Impactites  Petrology,  Moscow,  MGU,  1990,  p.297. 

5.  Kozlov  E.A.  et  ah,  Rep.  Russ.  Ac.  Sci.,  1998  (in  print). 

6.  Richtmyer  R.D.  Comm.Pure  and  Appl.Math.,  1960,  v.13,  p.297. 

7.  Meshkov  E.E.,  Trans.Rus.Ac.Sch,  Fluids  Mechanics,  1969,  No.5,  p.151. 

8.  Rozanov  V.B.  et  ah,  Preprint  no.  56  FIAN,  Moscow,  1990,  p.63. 

9.  Aleshin  A.N.  et  ah,  Rep.Rus.Ac.Sch,  1990,  v.310,  No.5,  p.l  105-1 108. 

10.  Vasilenko  A.M.  et  ah,  Reprint,  No.8,  RFNC-VNIITF,  1991,  Chelyab¬ 
insk-70,  p.  39. 

11.  Kucherenko  Yu.A.  et  ah,  Rep.Rus.Ac.Sch,  1994,  v.  334,  No.4,  pp.445- 
448. 
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y^APHOE  C2KATHE  H  PA30rPEB  IIOPHCTblX  CPEfl  * 

B.r.IP(eTHHHH 

MHcmumym  ximmecKOU  (pmuKU,  MocKea 

IlpH  onHcaHHH  y^apHbix  bojih  b  nopHCTbix  cpeAax  o6whho 
Hcnojib3yeTc«  npeAJioaceHHe  il.E.  3eAbAOBHua  [1]  paccMaTpHBaTb  nopHCTyio 
cpeay  KaK  cnAOumyio,  c  nnoTHOCTbio  poo.  TaKOH  noAXOA  no3BOA«eT  noAyiHTb 
KOJiHHecTBeHHbie  cooTHOuieHH5i  aah  yAapHoro  nepexoAa,  ho  HCKa>xaeT 
(J)H3H4ecKyio  KapTHHy  npoqecca.  Ecjih  3anHcarb  3aKOHbi  coxpaHeHHH  Maccw, 
HMnyjibca  h  3HeprHH  6e3  HcnoAb30BaHHH  (J)opMajibHOH  bcahhhhw  cpeAHen 
nAOTHOCTH  nopHCTOH  cpeAbi  poo  =  (1  -  s)p0: 

(1  -  E)po  Dp  =  pf(DP  -  Uf),  (1) 

(1  -  s)p0  DP2  =  Pr  +  pr  (DP  -  Uf)2,  (2) 

Eo  +  DP2/2  =  Er  +  (DP  -  Ur)2/2  +  pf/pf,  (3) 

TO  BeAHHHHa  (1  -  S>po  HMeeT  CMbICA  MaCCbl  nOTOKa  MaCTHA, 

nepecexaiomero  (})poHT  3a  eAHHnqy  BpeMeHH  h,  CAeAOBaTeAbHO,  b  AeBOH 
HaCTH  COOTHOUieHHH  (1-3)  3anHCaHbI  aAAHTHBHbie  XapaKTepHCTHKH  AJia 
nacTHu  nepeA  4>pohtom  boahw,  T.e.  AJia  cnAOuiHOH  cpeAW.  IIpaBaa  uacTb 
cooTHomeHHH  (1-3)  TaiOKe  onncbmaeT  napaMeTpbi  cnAOuiHOH  cpeAbi  H3 
MaTepnajia  uacTHu  b  kohchhom  coctohhhh  3a  (|)pohtom  boahw,  nocKOAbKy 
npH  AaBAeHHHX  Bbiiue  npeAena  npouHOCTH  MaTepnaAa  uacTHij  hcbo3mo>kho 
cymecTBOBaHne  nop  b  kohcuhom  coctohhhh  c  paBHOBecHbiMH  napaMeTpaMH 
cpeAbi.  IIoaTOMy  cooTHOiueHHA  (1-3)  CBH3biBaioT  napaMeTpbi  COCTOHHHH 
cnnouiHOH  cpeAbi  npn  yAapHOM  nepexoAe  H3  HauaAbHoro  coctohhhh  po,  a  He 
H3  p0o.  C  yueTOM  ycnoBHH  paBHOBecHH  Ha  KOHTaKTHOH  rpaHHqe  c  yAapHHKOM: 

Pf  =  Pimp,  Uf  =  Uimp,  (4) 

Aah  peuieHHH  cHCTeMbi  (1-4)  hco6xoahmw  3KcnepHMeHTaAbHbie 
H3MepeHHH  BeAHUHHbl  Dp.  B  TO  HKQ  BpeMH  H3BCCTCH  MexaHH3M 
pacnpocTpaHeHHH  4>pOHTa  yAapHOH  boahw  b  nopHCTbix  cpeAax,  Ae>KamHH  b 
OCHOBe  MOAeAH  TyBHHHHa  [2],  B  COOTBeTCTBHH  C  KOTOpbIM  CKOpOCTb  yAapHOH 
boahw  Dp  npn  yAape  poahwm  (H3  MaTepnaAa  nacTHu)  yAapHHKOM  co 
CKOpOCTbK)  Wimp.  OnHCblBaeTCH  COOTHOUieHHeM  [2]: 

1/Dp  =  (1  -  £)/Di  +  e  /  W,  tac:  Di  =  a  +  b  Ui;  W  =  2  Ui  =Wimp.,  (5) 

c  yneTOM  KOToporo  CHCTeMa  (1-5)  no3BOAaeT  paccuHTaTb  Bee  napaMeTpbi 
KOHeHHoro  coctohhhh  nopHCTOH  cpeAbi  nocAe  yAapa  poahwm  yAapHHKOM: 

Ur  =WhnP.+  [a+(l  -  c)DP]/2b  -  {[a+(l  -  s)DP]2/4b2  +(1  -  e)Wimp.DP/b}  "2,  (6) 
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Pr  —  (1  -  e)po  Dp  Uf,  (7) 
pf  =(1  -  e)po  Dp/(DP  -  Uf),  (8) 

Ef  -  E0  =  Uf2/  2.  (9) 

no  npeanojioJKeHHio  JI.E.  3enbAOBHHa  [1]  3axpbiTHe  nop  b  npoqecce 
yaapHoro  nepexoAa  nponcxoAHT  npn  npaKTHHecKH  HyjieBOM  AaBAeHHH,  nocjie 
qero  cpeAa  oKHMaeTca  ao  KOHenHoro  coctohhha.  Tanoe  AonyiqeHHe 
CnpaBeAJIHBO  TOJIbKO  AJIH  CTaTHHeCKHX  B03ACHCTBHH .  DpH  AHHaMHHCCKHX 
B03AeHCTBH5!X  HaCTHIJbl  HarpyACaiOTCJI  yAapHOH  BOJIHOH  H  3aTeM 
pa3rpy*caiOTCfl  b  OKpyjKaiomHe  nopbi.  Pa3rpy3Ka  b  orpaHHneHHOM  o6beMe 
nop  HeMHHyeMO  npHBOAHT  k  B036y>KAeHHK>  b  KaacAOH  nacmne  qnpKyjnmHH 

BOJIH  OKaTHB  H  pa3rpy3KH.  no  3TOH  npHHHHe,  BO-nepBbIX,  HeB03M0)KeH 
npHMon  yAapHbin  nepexoA  MaTepnana  nacinq  nopHCTon  cpeAbi  b  KOHenHoe 
cocTOflHne,  Ha  nyTH  k  KOTOpOMy  Ka^qaa  nacTHqa  noABepraeTca 
nepHOAHnecKHM  oKamaM  h  pa3rpy3KaM,  a  oKOHHaTejibHoe  3aKpbiTne  nop, 
B03M05KH0,  npOHCXOAHT  TOJIbKO  B  KOHqe  3aTyxaHHfl  K0Jie6aHHH  CpeABI.  Bo- 
BTOpblX,  MOKAy  (J)pOHTOM  yAapHOH  BOJIHbl  H  06jiaCTbK)  KOHeHHbIX  COCTOflHHH 
HaxoAHTc«  30Ha  nepexoAa,  innpHHa  KOTOpon  onpeAenaeTca  BpeMeHeM 
3aTyxaHHA  MHpKynnpyiomHx  b  nacTHqax  boah  cacbthh  h  pa3rpy3KH  h 
BpeMeHeM  TenAOBOH  penaKcaqHH  nacTHq.  B-TpeTbnx,  AnccHnauHH 
KHHeTHHecKon  3HeprHH  Kone6aHHH  MaTepnana  nacTHq  b  30He  yAapHoro 
nepexoAa  npHBOAHT  k  yBenHHeHHio  TenAOBOH  cocTaBAjnomen  BHyTpeHHen 
3HeprnH  h  BbicoKOMy  yAapHOMy  pa3orpeBy  nopHCTon  cpeAbi. 

npH  yAape  HHOpOAHbiM  yAapHHKOM  Ha  kohtbkthoh  rpaHHqe 
B03HHKaiOT  AOnOAHHTeAbHbie  KOAe6aHHfl  CpeAbI  H3-3a  pa3AHHHH  )KeCTKOCTeH 

MaTepnaAOB  nacTHU  h  yAapHHKa.  nocne  3aTyxaHH»  KOAehaHHH  yAapHaa 
BOAHa  pacnpocTpaHaeTCH  b  cTaqHOHapHOM  peacHMe,  KaK  nocAe  yAapa 
HeKOTOpbIM  pOAHbIM  (3KBHBaACHTHbIM)  yAapHHKOM,  CKOpOCTb  KOTOpOTO 
moacho  onpeAeAHTb,  npoBeAa  yAapHyio  aAnahaTy  poAHoro  yAapHHKa  nepe3 
TOHKy  nepeceneHHA  yAapHbix  aAHahaT  nopHCTon  cpeAbi  H3  (5-8)  h 
HHopoAHoro  yAapHHKa.  npH  3tom  DP  onncbiBaeTca  cooTHomeHHeM  (5),  ho  c 
3aMeHOH  Wimp  Ha  cooTBeTCTByioinyio  CKOpOCTb  3KBHBaneHTHoro  yAapHHKa. 

1.  3eAbAOBHH  JLE.  )K3TO.  1957,  t.32,  c.  1577. 

2.  Thouvenin  J.  Proc.  4-th  Symp.  Intern.  Deton.  White  Oak,  Md. 

1965.  Washington.  1967, 

*  Shock  Compression  and  Heating  of  Porous  Media,  V.G.Schetinin 
(Institute  of  Chemical  Physics,  Moscow) 
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K  OIMCAHHK)  YMPHO-BOJIHOBOrO  OKATHfl 
}KHflKOrO  ra#PA3HHA 

H.  M.  BockoGohhhkob 

MHcmumym  xuMuuecKou  (j)U3UKu  PAH  um.  H.  H.  CeMenoea,  Mooted. 

/^ocTaTOHHO  aaBHO  [1]  6biJio  oSHapyaceHO,  hto  npH  pa36aBneHHH 
HHTpoMeTaHa  THApa3HHOM,  cymecTBeHHO  MeHee  3HeproeMKHM 
coe^HHeHHeM,  CKOpocTb  ^eTOHauHH  He  TOJibKo  He  yMeHbiuaeTCfl,  ho  h 
33MeTHO  B03pacTaeT  c  6.3  mm/mkc  aba  HHCToro  HHTpoMeTaHa  AO  7.3  mm/mkc 
Ana  pacTBOpa  c  0.75  no  Becy  coAepacaHHeM  rnApasHHa.  CKopocTb 
AeTOHaHHH  paCTBOpOB  rHApa3HHHHTpaTa  C  THApa3HHOM  79/21  TOJTbKO  Ha 
0.1  mm/mkc,  a  30/70  Ha  0.8  mm/mkc  MeHbiiie  ckopocth  AeTOHaunn 
rHApa3HHHHTpaTa  [2],  YAapHaa  aAna6aTa  rnApa3HHa  [3]  6nH3Ka  k  yAapHon 
aAna6aTe  BOAbi,  h  no  aHanorHH  c  AaHHbiMH  o  CKopocTax  AeTOHaijHH 
paCTBOpOB  HHTpoMeTaHa  C  MeTaHOJIOM  [1],  THApa3HHHHTpo4)OpMa  C  BOAOH 
(npH  BecoBOM  coAepacaHHH  boaw  0.3  CKopocTb  ACTOHauHH  pacTBOpa  Ha  1.5 
mm/mkc  MeHbine  ckopocth  AeTOHannn  THApa3HHHHTpo(j)opMa)  cneAOBano 
0)KHAaTb  3aMeTHoro  cHHaceHna  ckopocth  AeTOHaunn  npn  pa36aBneHHH 
AOCTaTOHHO  MOmHOTO  B3pbIBHaTOTO  BemeCTBa  THApa3HHOM,  eCAH  OH  He 
AecTpyKTHpyeT  3a  $pohtom  boahm.  KcTaTH,  npH  pa36aBAeHHH  pacTBOpa 
THApa3HHHHTpaT  -  THApa3HH  93.2/7.8  BOAOH,  0.241  no  Becy,  CKopocTb 
AeTOHauHH  hcxoahoto  pacTBOpa  yMeHbinaeTca  noHTH  Ha  0.8  mm/mkc  [2], 

£na  o6T»acHeHHa  yKa3aHHbix  Ha6nK>AeHHH  6binn  npoBeAeHbi  pacneTbi 
napaMeTpoB  yAapHO-BOAHOBoro  cacaraa  achakoto  THApa3HHa  no  cxeMaM, 
pa3BHTbiM  paHee  aba  opraHHAecKHX  coeAHHeHHH  (  cm.,  HanpHMep,  [4]).  npn 
3tom  6biAH  paccMOTpeHbi  sapHaHTbi  coxpaHeHHa  hcxoahoto  THApa3HHa  3a 
(J>poHTOM  BOAHbi  h  ero  AccTpyKHHH  ao  aMMHaKa  H  a30Ta.  riapaMeTpbi 
yAapHO-BOAHOBoro  cacaTHA  jkhakoto  aMMHaKa  b  HHTepecyiomeM  A^ana30He 
AaBAeHHH  6wah  paccHHTaHbi  no  o6o6meHHOH  sbbhchmocth  [5]  c 
Hcn0Ab30BaHHeM  oaeHeHHOH  no  npaBHAy  Pao  ckopocth  3ByKa  b  HanaAbHOM 
cocToaHHH  1.55  mm/mkc  (Ta  ace  BeAHAHHa  ckopocth  3ByKa  6bina  HailaeHa  no 
npaBHAy  Pao  Ana  rHApa3HHa),  yAapHaa  annaSaTa  HaxoAHTca  b  xopouieM 

COTAaCHH  C  3KCnepHMeHTanbHbIMH  AaHHbiMH  [6]. 

PaccMHTaHHaa  npn  coxpaHeHHH  hcxoahoto  coeAHHeHna  3a  (JipOHTOM 
BOAHbi  yAapHaa  aAHa6aTa  D  =  1.55  +  2  U-  0.0645  U 2  b  AenoM  cornacyeTca  c 
H3MepeHHbiMH  3HaneHHaMH  (paccAHTaHHaa  h  nocTpoeHHaa  no 
3KcnepHMeHTaAbHbiM  3HaneHHaM  3aBHCHMOCTH  nepeceKaiOTca  npn  U  —  2 
mm/mkc,  b  3KcnepnMeHTe  Maccosaa  CKopocTb  H3MeHanacb  ot  1  mm/mkc  ao  3 
mm/mkc  ).  PaccAHTaHHbie  b  npeAnonoaceHHH  AecTpyKijHH  THApa3HHa  ao 
aMMHaKa  h  a30Ta  ckopocth  pacnpocTpaHeHHa  boah  b  tom  ace  Anana30He 
MaccoBbix  CKopoc  Ten  npHMepHO  Ha  2  mm/mkc  6oAbine  H3MepeHHbix,  npnneM 
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npw  U  =  2  mm/mkc  CKopocTb  pacnpocTpaHeHHH  bojihw  D  =  8.06  mm/  mkc, 
CKOpOCTb  3ByKa  3a  (j)pOHTOM  BOJIHbl  C  =  6.06  mm/mkc  (BbinOJIHJieTCfl  yCJIOBHe 
^enMeHa  -  icyre  juih  CTauHOHapHOH  .aeTOHauHOHHOH  bojihw  D  =  U  +  Q, 
TeMnepaTypa  npo/iyKTOB  jnecTpyKUHH  okojio  3000  K. 

TeMnepaTypa  ncxoflHoro  coe^HHemui  3a  4)POHTOM  BOJiHbi, 
pacnpocTpaHjnomencJi  co  CKOpocTbio  8.06  mm/mkc,  paBHa  2010  K.  IlocKOJibKy 
3HeprHH  pa3pbiBa  cbjbh  H2N-NH2  okojio  60  KKaji/MOJib,  to  BHeprHJi 
aKTHBauHM  ero  pa3Jio)KeHHH  oHCHjiaeTCJi  b  1.5  pa3a  Gojibiuen,  neM  ajm 

o6bIHHbIX  B3pbIBHaTbIX  BemeCTB.  JJjIfl  aeTOHaqHH  >KHflKOrO  rHflpa3HHa  b 
pa3yMHbix  ^naMeTpax  3apflflOB  HyacHbi  TeMnepaTypbi  hcxoahoto  coeflHHeHHn 
3a  (JjpOHTOM  BOJIHbl  OKOJIO  3000  K,  OHH  B03M05KHbI  3a  (JjpOHTaMH  BOJIH  TaKOH 
HHTeHCHBHocTH,  KOTopbie.  Hejib3fl  nojowepacaTb  3a  CHeT  AeCTpyKUHH 
THApa3HHa.  OflHaKO  TaKHe  TeMnepaTypbi  Bnojme  aocTHacHMbi  npn  6ojiee 
6bicTpoM  pa3Jio>KeHHH  apyrnx  KOMnoHeHTOB  pacTBOpa  (HHTpoMeTaHa  h 
rHApa3HHHHTpaTa  b  ynoMBHyTbix  Bbiuie  Ha6jnoaeHHax)  npn  MeHbiiiHx 
TeMnepaTypax  3a  yjjapHbiM  $pohtom  aeTOHaijHOHHOH  BOJiHbi.  3aMeTHM,  hto 
H3MepeHHbie  CKOpOCTH  fleTOHaUHH  paCTBOpOB  B3pbIBHaTbIX  BemeCTB  c 
THflpa3HHOM  6JIH3KH  k  0)KHflaeMbiM  H3  aOTHTHBHbix  oijeHOK.  Ha6jnofleHHe 
jiecTpyKUHH  rH,npa3HHa  3a  (jipoHTOM  BOJiHbi  Bnojme  peajibHO  h  b  pacTBOpax  c 
HeB3pbIBHaTbIMH  KOMnOHeHTaMH,  HMeiOIHHMH  MeHbUiyiO  yjieJIbHyiO 
TenjioeMKoeTb,  hto  o6jiernaeT  flocraxceHMe  6onee  bmcokhx  TeMnepaTyp  npw 
paBHbIX  MaCCOBbIX  CKOpOCTflX,  OflHaKO  H3MepeHHB  wifl  TBKHX  paCTBOpOB,  no- 
BHflHMO-My,  He  npOBO^HJincb.  IIo  pe3yjibTaTaM  pacneTOB  TeMnepaTypbi  1500 
K  h  2000  K  aocTHraiOTCJi  3a  (JjpOHTOM  yaapHon  bojihw  b  THflpa3HHe  npw 
MaccoBbix  CKopocTBX  2.9  mm/mkc  h  3.7  mm/mkc,  a  b  pacTBOpax  rHapa3HHa  c 
TpnrHApoTeTpacJiTopnponaHOJiOM  HCF2CF2CH2OH  h 

TpHrnjipojoiofleKatJiToprenTaHOJiOM  H  (CF2)6CH2OH  50/50  no  Becy  npn 
MaccoBbix  CKopocTiix  2.6  mm/mkc  h  3.3  mm/mkc,  2.55  mm/mkc  h  3.2  mm/mkc, 
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COCTOflHHfl  BEIUECTBA  3A  YJIAPHblMH 
OPOHTAMH  B  AJEKAHAX,  AJIKHJIAMHHAX  H 
IIEPOTOPHPOBAHHbIX  AJIKAHAX  H  AJIKHJIAMHHAX. 

Bocko6ohhhkob  H.M. 

Hncmumyrn  xuMUHecKoii  (pu3UKU  PAH  um.  H.  H.  CeMeuoeci,  MocKea. 

EbiJiH  npoBeaeHbi  perHCTpaumH  HpxocTen  CBeneHHA  y^apHOH  bojihm  b 
KOHTaKTHpyiOmHX  CJIOflX  flByX  np03paHHbIX  JKHflKOCTeH  c  uejibio  oueHKH 
OnTHHeCKOH  np03paHH0CTH  JKHflKOCTeH  3a  (JjpOHTOM  BOJIHbl  H  H3MepeHHH 
TeMnepaTyp  4>pOHTa  h  BemecTBa  3a  (Jipohtom  b6jih3h  KOHTaxTHbix  rpaHHU  c 
OKOHHbIMH  MBTepHaJiaMH  pa3HOH  CJKHMaeMOCTH,  He  TepflIOmHMH 
npospaHHOCTb  npH  c>KaTHH.  Pe3yjibTaTbi  H3MepeHHH  ncnojibsoBaHbi  ana 
yTOHHCHHfl  COCTOHHHH  HCXOflHblX  COe^HHCHHH  HJIH  npOAyXTOB  HX 
.aecTpyKHHH  npH  Bbicoxnx  TeMnepaTypax  h  nJiOTHOCT»x,  a  Taxace 
Onpe^eJieHHH  HHTeHCHBHOCTeH  yflapHbIX  BOJIH,  3a  (JipOHTaMH  KOTOpbIX 
Ha6jno,aaK)Tca  npeBpameHHa  Hcxo^Hbix  coejiHHeHHH.  B  nacTHOCTH, 
ycTaHOBJieHO  coxpaHeHne  onTHHecxon  npo3paHHOCTH,  hto  BBJi»eTC« 
yKa3aHHeM  K  OTCyTCTBHIO  aeCTpyKUHH  3a  (frpOHTOM  BOJIHbl,  >KHflKHX 
4H3THJiaMHHa,  Tpn6yTHJiaMHHa,  flexaHa  h  UHKJiorexcaHa  npn  aaBJieHHHx  flo 
18ma. 

nPH  3THX  HHTeHCHBHOCTUX  BOJIH  yTOHHCHbl  no  H3MeHCHHflM  flpKOCTH 
CBeneHHfl  Ha  KOHTaxTHOH  rpaHHHe  no^cBeHHBaioiHeH  ^ch^kocth  coctohhhh  Ha 
yjiapHbix  aflHa6aTax,  xoTopbie  coBnajin  c  paccnHTaHHbiMH  b  npeanoJio)KeHHH 
oTcyTCTBHH  npeBpamcHHH  h  ony6jiHKOBaHHbiMH  paHee  jijifi  UHKJiorexcaHa  h 
^exaHa.  nepecneT  npeaejioB  noTepH  onTHnecxoH  npo3panHOCTH  hmhhob  h 
HHKJioreKcaHa  3a  y^apHbiM  (Jjpohtom  Ha  TeMnepaTypbi  HcxojiHbix  coe^HHeHHH 
/*aeT  3HaqeHHa  2000.. .2400  K.  no  jiocTH>KeHHH  6jih3khx  TeMnepaTyp  TepaJiH 
np03paHH0CTb  3a  $pohtom  BOJiHbi  no  paHee  npoBe^eHHbiM  perncTpaiiHHM 
rexcaH  h  rjiHuepHH,  hto  Bnojme  o6bacHaeTca  6jiH30CTbio  3HepniH  pa3pbma 
cjia6eHineH  cb»3h  b  nepenncjieHHbix  coe/mHeHHax. 

Bbuin  H3MepeHbi  TeMnepaTypbi  y^apHbix  4>pohtob  h  BemecTBa  b6jih3h 
KOHTaxTHOH  rpaHHMbi  c  OKOHHbIMH  MaTepnajiaMH  B  nep<j)TOpHpOBaHHbIX 
TpH3THJiaMHHe,  TpnOyTHJiaMHHe,  aexajiHHe  h  TpaHC(J)opMaTOpHOM  Macjie, 
pacTBOpe  nep(J)TopajixaHOB.  3HaHeHH«  TeMnepaTyp  yaapHbix  cJipoHTOB  HH>xe 
2000K  cOBna^aioT  c  axcTpanojinpOBaHHbiMH  no  flaBJieHHio  TeMnepaTypaMH 
BemecTBa  b6jih3h  KOHTaxTHOH  rpaHHUbi  c  oxoHHbiM  MaTepnajiOM  h  6jih3kh  k 
paCCHHTaHHbIM  RJW  HCXOAHbIX  COejIHHeHHH  3a  yAapHbIMH  4>pOHTaMH.  npH 
60JIbIIIHX  HHTeHCHBHOCTHX  BOJIH  3KCTpanOJIHpOBaHHbie  nO  aaBJieHHK)  X 
COCTOJIHHK)  B  npoxommien  BOJiHe  TeMnepaTypbi  BemecTBa  Ha  KOHTaxTHOH 
rpannue  c  okohhhm  MaTepnajioM,  xax  npaBHjio,  npeBoexo/yrr  TeMnepaTypbi 
y^apHbix  (JjpoHTOB  (eAHHCTBeHHoe  HCKJiiOHeHHe  OTMeneHO  HH>xe)  h  6jih3kh  k 
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paccHHTaHHbiM  npH  ^ecTpyKUHH  hcxoahoto  coeAHHeHHa  c  o6pa30BaHHeM 
CF4  EcTb  ocHOBaHHfi  CMHTaTb,  hto  npH  TeMnepaTypax  y^apHO-BOJiHOBoro 
cxcaTHH  nep(J)TopHpoBaHHbix  aJiKaHOB  h  ajiKHJiaMHHOB  Bbirne  2000... 2200  K 
npoHCxo^HT  SbicTpaa  AecTpyKUH*  hx  3a  <[)poHTOM  bojihm.  3th  TeMnepaTypbi 
coBnaflaioT  c  otmchchhumh  Bbime  w%  noTepH  npo3panHOCTH  He  coflepacamHx 
{jjTOpa  aJiKaHOB  h  ajiKHJiaMHHOB,  hto  o6bHCH»eTca  MajibiM  pa3AHHHeM 
3HeprHH  pa3pbiBa  CBwm  C—H  h  C—N  b  paccMaTpHBaeMbix  coeAHHeHHax. 

Eojiee  HH3KHe  TeMnepaTypbi  yaapHbix  (JipoHTOB  npn  AecTpyKAHH 
HCXOAHOTO  COeAHHeHHa  CBH3aHbI  C  3KpaHHpOBKOH  CO  CTOpOHbl  4)p0HTa 
cBeneHHfl  kohchhoto  coctohhhh  cjioamh  c  HenojiHbiM  npeBpameHHeM.  3to 
paHee  HaSjnoAaJiocb  npn  CBeneHHH  yaapHOH  bojihu  b  cepoyrjiepoae,  6eH30Jie 
h  aijeTOHHTpHJie,  npnneM  (JiaKT  AecTpyKUHH  hcxoahux  cocahhchhh 
He3aBHCHMO  ycTaHaBJiHBajica  no  aHOMajibHOMy  H3MeHeHHio  xoab  yAapHOH 

a,HHa6aTbI  HJIH  3aBHCHMOCTH  CKOpOCTH  3Byxa  OT  HHTeHCHBHOCTH  BOJIHbl.  IIpH 
AHCCoqHauHH  3a  4>pohtom  BOJIHbl  rajioreHnpoH3BOAHUX  MeTaHa  H  amwcoro 
a30Ta  TeMnepaTypa  y^apHoro  4>poHTa  Bbime  3KCTpanojinpoBaHHOH  no 
jiaBJieHHK)  TeMnepaTypbi  BemecTBa  Ha  KOHTaKTHOH  rpaHHLje  c  okohhum 
MaTepnaaoM  H3-3a  noACBeTKH  co  CTOpOHbl  (jipoHTa  kohchhoto  coctohhhh 

MeHee  AHCCOIJHHpOBaHHblMH  CJIOSMH. 

HcKJiiOHeHHe  6wjio  npn  perHCTpaann  cbchchha  y^apHOH  bojihu  b 
nep4)TOpTpH3THJiaMHHe  c  AaBJieHneM  okojio  22  Tlla,  TeMnepaTypa  (jipoHTa, 
3100  K,  OKa3anacb  Ha  450  K  Bbime  TeMnepaTypbi  BemecTBa  3a  (JipoHTOM  (npn 
aaBJieHHH  b  BOJiHe  29  Hla  TeMnepaTypa  (JipoHTa,  3450  K,  Ha  100  K  HHace 
TeMnepaTypbi  BemecTBa  3a  4>pohtom).  Rji*  6jih3koto  no  CTpoeHHio  h 
3jieMeHTHOMy  cocTaBy  nep(J)TopTpH6yTHJiaMHHa  TeMnepaTypa  (JipOHTa,  2450 
K  h  3350  K,  Ha  250  K  h  100  K  HH>Ke  TeMnepaTypbi  BemecTBa  3a  <})pOHTOM  npH 
aaBJieHHax  b  bojihc  23.5  Flla  h  30.5  rila.  Bo3mo)khoh  npHHHHOH 
Ha6jnoAaBiueroca  butjihaht  noACBeTKa  kohchhoto  coctoahh*  npH 
AecTpyKUHH  nep4>TopTpH3THJiaMHHa  b  BOJiHe  CBeneHneM  hcxoahoto 
COeAHHeHHfl  HenOCpeACTBeHHO  3a  <})pOHTOM  BOJIHbl.  CKOpOCTH 
pacnpocTpaHeHHa  bojihu  c  AaBJieHHeM  22  ITIa,  5.2  mm/mkc,  cooTBeTCTByeT 
TeMnepaTypa  Ha  <J)poHTe  b  hcxoahom  nep(J)TOpTpH3THJiaMHHe  okojio  3000  K. 
^Jifl  BOJiHbi  b  nep(J)Top6yTHJiaMHHe  c  AaBJieHHeM  23.5  Flla  paccHHTaHHaa 
TeMnepaTypa  hcxoahoto  cocahhchha  HenocpeacTBeHHO  3a  (JipoHTOM  bojihu 
2400  K.  C  yBejiHHeHneM  hhtchchbhocth  bojihu  H3-3a  yMeHbmeHHJi  BpeMeHH 
npeBpameHHa  hcxoahoto  coenHHeHHJi  noACBeTKa  h  3KpaHHpoBKa  cBeneHHJi 

KOHeHHOTO  COCTOHHHJI  yMCHbUiaiOTCJI,  hto  MeHaeT  c  yBejiHHeHneM 
HHTeHCHBHOCTH  BOJIHbl  COOTHOUieHHe  flpKOCTCH  CBCHeHHJI  (JipOHTa  H  BdAeCTBa 
Ha  KOHTaKTHOH  rpaHHije. 

PaSoTa  BbinonHeHa  npH  noAAep>KKe  POOH,  npoeKT  95-03-09338  a. 
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TIME-RESOLVED  WAVE-PROFILE  MEASUREMENTS  AT 
IMPACT  VELOCITIES  OF  10  KM/S 

L.  C.  Chhabildas,  M.  D.  Furnish,  W.  D.  Reinhart 

Shock  Physics  Applications  Department,  Sandia  National  Laboratories, 
Albuquerque,  New  Mexico  USA 

Development  of  well-controlled  hypervelocity  launch  capabilities  is  the 
first  step  to  understand  material  behavior  at  extreme  pressures  and  tempera¬ 
tures  not  available  using  conventional  gun  technology.  In  this  paper,  tech¬ 
niques  used  to  extend  both  the  launch  capabilities  of  a  two-stage  light-gas  gun 
to  10  km/s  and  their  use  to  determine  material  properties  at  pressures  and 
temperature  states  higher  than  those  ever  obtained  in  the  laboratory  are  sum¬ 
marized.  Time-resolved  interferometric  techniques  have  been  used  to  deter¬ 
mine  shock  loading  and  release  characteristics  of  materials  impacted  by  tita¬ 
nium  and  aluminum  fliers  launched  by  the  only  developed  three-stage  light-gas 
gun  at  10  km/s.  In  particular,  the  Sandia  three  stage  light  gas  gun  [1-3],  also  re¬ 
ferred  to  as  the  hypervelocity  launcher,  HVL,  which  is  capable  of  launching 
0.5  mm  to  1.0  mm  thick  by  6  mm  to  19  mm  diameter  plates  to  velocities  ap¬ 
proaching  16  km/s  has  been  used  to  obtain  the  necessary  impact  velocities.  The 
VISAR,  interferometric  particle- velocity  techniques  [4]  has  been  used  to  deter¬ 
mine  shock  loading  and  release  profiles  in  aluminum  and  titanium  at  impact  ve¬ 
locities  of  10  km/s. 

Three-StageLight-GasGun:  The  principle  of  operation  of  the  Sandia’s 
three-stage  light  gas  gun  is  briefly  described  here.  Very  high  driving  pressures 
(tens  or  hundreds  of  GPa),  are  required  to  accelerate  flier  plates  to  hyperve¬ 
locities.  This  loading  pressure  pulse  on  the  flier  plates  is  time-dependent  to 
prevent  the  plate  from  melting  or  vaporizing.  This  is  accomplished  by  using 
graded-density  impactors  [1-3].  When  this  graded-density  material  is  used  to 
impact  a  flier-plate  in  a  modified  two-stage  light  gas  gun,  as  indicated  in  Fig¬ 
ure  1(a),  nearly  shockless,  megabar  pressures  are  introduced  into  the  flier 
plate.  The  pressure  pulse  is  also  tailored  to  prevent  spallation  of  the  flier-plate. 
This  technique  has  been  used  to  launch  nominally  1-mm-thick  aluminum, 
magnesium,  titanium  (gram-size)  and  tantalum  [5]  intact  plates  to  12.2  km/s. 
The  technique  has  been  enhanced  by  using  the  experimental  configuration 
shown  in  figure  1(b)  to  allow  the  launching  of  titanium  and  aluminum  plates 
to  velocities  approaching  16  km/s  [3].  This  is  the  highest  mass-velocity  capa¬ 
bility  attained  with  laboratory  launchers  to  date,  and  therefore  should  open 
up  investigations  into  new  regimes  of  impact  physics  using  various  diagnostic 
tools  [4,5]. 
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Graded  Density  Impactor 


Figure  (la).  The  third  stage  configuration  used  to  launch  flier  plates  to 
hypervelocities.  The  Enhanced  Hypervelocity  Launcher,  configuration,  fig 
(lb),  is  used  to  launch  confined  flier  plates  in  a  tungsten  barrel  to  velocities 
approaching  16km/s. 

Experimental  Method:  We  have  used  the  three-stage  light  gas  gun  to  per¬ 
form  one-dimensional  plate-impact  experiments.  To  achieve  one-dimensional 
conditions,  the  target  plate  is  stationed  ~  20  mm  from  the  flier-plate.  This  en¬ 
sures  that  the  flier  plate  achieves  peak  particle  velocity  prior  to  impact,  and  re¬ 
mains  relatively  flat  prior  to  impact. 


Results:  Symmetric  plate-impact  experiments  have  been  performed  using 
aluminum,  titanium,  and  tantalum  at  impact  velocities  of  -  10  km/s.  Figure  3b 
shows  the  radiograph  of  an  experiment  in  which  a  0.56  mm  titanium  alloy 
(Ti-6A1-4V)  flier-plate  is  launched  at  9.6  km/s  prior  to  impacting  a  2.0  mm 
thick  titanium  alloy  target.  The  lithium-fluoride  window  is  seen  in  the  radio¬ 
graph  in  Figure  3b.  The  flat  portion  of  the  flier-plate  prior  to  impact  as  ob¬ 
served  in  the  radiograph  is  19  mm.  Note  that  for  the  full  duration  of  the  ex- 
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periments  there  is  a  free  rear  surface  behind  the  flier-plate;  this  allows  meas¬ 
urements  of  a  complete  release  from  the  shocked  state.  As  indicated  in  Figure 
4,  a  velocity  interferometer  VISAR  [4],  records  the  particle-velocity  history  at 
the  sample/lithium-fluoride  window  interface.  The  time-resolved  particle  ve¬ 
locity  history  measurements  at  the  target/lithium-fluoride  window  interface 
are  shown  in  Figure  4(a)  and  4(b)  for  aluminum  and  titanium,  respectively. 
Since  no  fiducial  was  established  in  these  experiments,  the  shock  arrival  time 
at  the  target/window-interface  is  arbitrarily  set  to  zero. 


time  -  microsecond  time  -  microsecond 


Figure  (4).  Measured  interface  particle  velocity  history  for  shock-loading 
and  release  experiments  in  (a)  6061-T6  aluminum  at  an  impact  velocity  of  9.95 
km/s,  and  (b)  Ti-6A1-4V  alloy  at  an  impact  velocity  of  9.6  km/s.  Symmetric  im¬ 
pact  configuration  was  used  in  both  experiments. 

Aluminum  Experiment:  Figure  4(a)  depicts  the  shock  loading  and  release 
profile  in  aluminum  shocked  to  over  1 .62  Mbar  at  an  impact  velocity  of 
9.95  km/s.  In  this  experiment,  a  0.98  mm  thick  aluminum  flier-plate  impacts  a 
1 .98  mm  thick  aluminum  target.  Notice  that  a  sustained  shock  of  approxi¬ 
mately  80  ns  is  observed  in  the  figure  prior  to  release.  The  titanium  alloy  is 
shocked  to  2.3  Mbar  at  an  impact  velocity  of  9.6  km/s,  and  a  complete  release 
profile  as  indicated  in  Figure  4(b)  is  measured.  A  profile  resembling  wave  at¬ 
tenuation  is  measured  in  the  titanium  experiment  because  a  thin  flier  plate 
(0.56-mm)  impacts  a  thick  (2.0  mm)  target.  Both  experiments  indicate  a  lack  of 
elastic-plastic  release  structures  which  is  a  clear  indication  of  complete  melt  in 
the  shocked  state.  Most  significantly,  the  results  demonstrate  the  successful 
use  of  time-resolved  velocity  interferometric  techniques  for  EOS  investigations 
using  the  three-stage  light-gas  gun.  These  release  profile  structures  will  yield 
the  off-Hugoniot  states  of  materials  shocked  to  extremely  high-pressure. 

The  lack  of  elastic-plastic  release  clearly  indicates  complete  melt  in  the 
shocked  state  at  1 .62  Mbar.  This  is  indicated  as  zero  shear  stress  in  Figure  5(a), 
and  is  consisitent  with  previous  measurements  by  Asay  and  Chhabildas  [6,7]. 
The  Hugoniot  state  is  based  on  measurements  of  the  impact  velocity  and  the  ex¬ 
isting  equation  of  state  for  aluminum  [8]  given  by  the  shock  velocity  (Us)-particle 
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velocity  (UP)  relation  as  (Us  (km/s)  =  5.386  +  1.339  uP).  The  leading  edge  of  the 
release  wave  velocity,  or  the  sound  speed  in  the  shocked  state  at  1 .62  Mbar  can 
be  calculated  knowing  the  sample  and  impactor  dimensions,  the  dwell  time  of 
the  shock  at  the  sample/window  interface,  and  the  impact  velocity.  The  calcu¬ 
lated  value  of  1 1.24  km/s  agrees  quite  well  with  extrapolation  of  previous  sound 
speed  measurements  by  Asay  and  Chhabildas  [6,7]  and  McQueen  et  al  [9]  and  is 
shown  in  Figure  5. 


Figure(5).  Measurements  of  (a)  shear  stress  and  (b)  sound  speed  at  162  GPa 
in  aluminum  as  determined  from  the  release  wave  profile  indicated  in  figure 
4(a).  Comparison  with  previous  studies  is  also  indicated. 
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IMBEDDED  GAUGES  IN  SHOCK  AND  DETONATION 
WAVE  EXPERIMENTS 

Paul  A.  Urtiew  and  Jerry  W.  Forbes 

Lawrence  Livermore  National  Laboratory,  USA 

Experimental  study  of  the  shock  and  detonation  wave  phenomena  rely 
very  heavily  on  the  experimental  data  in  general  and  in  particular  on  the  data 
obtained  from  gauges  placed  within  the  experimental  test  sample  to  measure 
accurately  the  local  changes  of  parameters  of  the  investigated  material.  For  a 
complete  description  of  these  changes  taking  place  in  a  dynamically  loaded 
material  one  would  like  to  know  both  the  spatial  and  the  temporal  resolution 
of  pressure,  temperature,  volume,  wave  and  mass  velocity.  However,  tempera¬ 
ture  and  volume  are  not  easily  attainable.  Therefore,  most  of  the  in-situ  work 
is  limited  to  measurements  of  pressure  and  both  wave  and  mass  velocities 

Various  types  of  these  gauges  will  be  discussed  and  their  records  will  be 
illustrated.  Some  of  these  gauges  have  limitations  but  are  better  suited  for  par¬ 
ticular  applications  than  others.  These  aspects  will  also  be  discussed. 

While  these  experiments  are  necessary  to  validate  theoretical  models  of 
the  phenomenon,  they  can  also  provide  sufficient  amount  of  data  to  yield 
complete  information  on  material  characteristics  such  as  its  equation  of  state 
(EOS),  its  phase  change  under  certain  loads  and  its  sensitivity  to  shock  load¬ 
ing.  Processing  of  these  data  to  get  important  information  on  the  behavior  of 
both  reactive  and  non-reactive  materials  will  also  be  demonstrated. 
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EMBEDDED  ELECTROMAGNETIC  GAUGE  MEASURE¬ 
MENTS  IN  SHOCK  INITIATED  PBX9501  EXPLOSIVE 

R.  L.  Gustavsen,  S.  A.  Sheffield,  R.  R.  Alcon,  L.G.  Hill,  *Craig 

M.  Tarver 

Los  Alamos  National  Laboratory,  Los  Alamos,  NM,  *Lawrence  Livermore 
National  Laboratory,  Livermore,  CA,  USA 

We  report  recent  measurements  on  PBX9501  explosive  using  the  latest 
embedded  electromagnetic  particle  velocity  gauge  techniques  developed  at  Los 
Alamos  National  Laboratory  (LANL).  The  magnetic  particle  velocity  gauging 
technique  in  use  at  LANL  was  developed  by  Vorthman  and  co-workers13  in 
the  early  1980s.  Numerous  refinements  have  been  implemented  since  then.  The 
overall  experimental  configuration  is  shown  Fig.  1.  An  explosive  sample  is 
prepared  in  two  30  degree  wedge  shaped  pieces.  A  gauge  membrane,  described 
in  Fig.  2,  containing  the  conductive  elements  is  glued  between  the  two  wedges. 
The  10  particle  velocity  gauge  elements,  at  positions  of  approximately  0.5 
through  5.0  mm  on  0.5  mm  intervals,  produce  voltages  proportional  to  the  lo¬ 
cal  particle  velocity.  The  “shock  tracker”  measures  the  position  of  the  shock 
front  as  it  moves  through  the  sample.  An  additional  single  loop  “stirrup” 
gauge  is  mounted  on  the  front  of  the  sample,  parallel  to  the  shock  plane.  The 
completed  assembly  is  mounted  on  an  aluminum  plate  and  placed  in  a  mag¬ 
netic  field  at  the  end  of  the  barrel  of  a  70  mm  bore  gas  gun.  A  plastic  projectile 
faced  with  a  nonconductive  material  such  as  sapphire,  aluminum  oxide  ce¬ 
ramic,  or  Z-cut  quartz  impacts  the  sample  at  a  precisely  measured  velocity. 

Figs.  3  and  4  shows  the  quality  of  data,  which  we  obtain  in  a  sin¬ 
gle  experiment  using  this  technique.  In  this  experiment  PBX  9501  (95% 
HMX,  5%  binder,  sample  density  1.826  g/cm3)  was  impacted  by  a  high 
density  multicrystalline  aluminum  oxide  ceramic  (Coors  Vistal)  at  a 
velocity  of  0.817  km/s  producing  an  input  of  5.16  GPa.  Fig.  3  shows  1 1 
wave  profiles  from  gauges  that  were  at  depths  of  0  through  5  mm  in  the 
explosive.  This  experiment,  typical  of  high  density  pressed  explosives, 
exhibits  a  combination  of  homogeneous  and  heterogeneous  reactive 
wave  growth.  There  is  growth  in  the  wave  front  (heterogeneous)  and 
there  is  a  reactive  wave  that  develops  behind  the  front  (homogeneous). 

Fig.  4  shows  x-t  trajectories  obtained  from  the  shock  tracker  and  gauges. 
These  data  were  fit  to  a  special  function  from  which  velocity  (shock  or  detona¬ 
tion)  as  a  function  of  time  and  position  were  obtained.  The  measured  run  dis¬ 
tance  to  detonation  was  5.3  mm.  The  last  particle  velocity  gauge  shown  in  Fig. 
3  was  located  at  4.96  mm,  a  location  where  it  is  just  short  of  full  detonation. 
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FIGURE  1.  Overall  configuration  for  making  embedded  gauge  meas¬ 
urements  in  PBX9501  explosive.  The  gauge  membrane  containing  the  conduc¬ 
tive  elements  is  sandwiched  between  two  wedges  whose  angle  is  30  degrees. 
The  completed  assembly  is  placed  in  a  magnetic  field  and  impacted  using  a 
projectile  and  impactor  launched  in  a  gas  gun. 


FIGURE  2.  Detail  showing  the  pattern  of  conductive  elements  in  the  gauge 
membrane.  The  10  elements  on  the  left  and  right  are  for  the  measurement  of 
particle  velocity.  When  mounted  in  a  sample  at  an  angle  of  30  degrees,  the  active 
elements  are  at  depths  of  0.5  through  5  mm.  The  central  element  monitors  the 
position  of  the  shock.  Gauge  elements  are  5  mm  thick  aluminum,  sandwiched 
between  25  mm  thick  layers  of  FEP  Teflon,  resulting  in  a  60  mm  thick  membrane. 


FIGURE  3.  Particle  velocity  wave  profiles  from  an  embedded  magnetic  gauge 
experiment  in  PBX  9501.  The  input  of  5.16  GPa  was  produced  by  impacting  the 
PBX9501  with  aluminum  oxide  ceramic  (Coors  Vistal)  with  a  velocity  of  0.817 
km/s. 
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FIGURE  4.  x-t  data,  fit,  and  10  x  residuals  for  PBX501  with  5.16  GPa  input. 
Data  is  from  the  shock  tracker  and  the  initial  rise  on  the  particle  velocity  gauges. 
The  fit  indicates  an  initial  shock  velocity  of  3.89  km/s,  and  a  detonation  velocity  of 
8.74  km/s.  The  run  distance  to  detonation,  determined  at  the  point  where  the  fitted 
velocity  is  99%  of  detonation  velocity,  is  5.3  mm.  Time  to  detonation  is  1 . 16  ms. 

We  have  recently  completed  a  substantial  number  of  these  experiments 
on  PBX9501  samples  with  differing  initial  densities.  The  results  of  these  ex¬ 
periments  will  be  highlighted.  The  combination  of  the  precisely  controlled  im¬ 
pact  condition,  a  feature  of  gun  experiments,  and  the  measurement  technique, 
allows  us  to  determine  differences  in  initiation  properties  in  samples  differing 
in  density  by  as  little  as  0.005  g/cm3.  Experiments  are  also  being  done  in 
PBX  9502,  which  requires  a  two-stage  gun  to  produce  the  projectile  velocity 
required  for  initiation. 

We  are  successfully  modeling  these  experiments  using  the  ignition  and 
growth  formalism.4  Results  of  these  efforts  will  be  presented.  Data  such  as 
these  are  valuable  to  us  and  other  researchers  modeling  the  initiation  process. 
Tight  constraints  are  placed  on  the  mathematical  form  and  the  parameters 
used  in  the  model. 

1 .  Vorthman,  “Facilities  for  the  Study  of  Shock  Induced  Decomposition  of  High 
Explosives”,  in  Shock  Waves  in  Condensed  Matter  -  1981,  Eds.  W.  J.  Nellis,  L. 
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RECORDING  OF  TEMPERATURES  OF  SHOCK- 
COMPRESSED  SOLIDS  BY  CONTACT  METHOD. 

G.  Pesotsky,  M.  V.  Zhernokletov,  A.  N.  Shuikin,  A.  I.  Samoilov, 
G.  N.  Korzenev,  G.Ju.Povolodskaya. 

RFNC-VNNIIEF Sarov,  Russia. 

Tests  were  performed  to  record  temperature  of  polymethyl-crylate  with 
density  of  1.18  g/cm3  shock-compressed  by  pressures  of  about  4-5  GPa  using 
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the  thermocouple  method  and  the  method  of  thermal  resistances.  Pressures  of 
shock  compression  in  the  investigated  substance  were  formed  by  plane-wave 
generators  of  shock  waves  basing  on  explosives.  Thin  film  copper-nickel  ther¬ 
mocouples  and  copper  thermal  resistances  were  used  as  gauges  for  recording 
temperature  of  shock-compressed  material  (PMMA)  under  investigation. 
Copper-nickel  thermocouples  were  manufactured  by  sequential  deposition  of 
copper  and  nickel  electrodes  on  thin  dielectric  base.  Thickness  of  each  elec¬ 
trode  and  thickness  of  dielectric  base  was  2-3  pm.  Calibration  of  thermocou¬ 
ples  in  static  conditions  was  carried  out.  The  thermo-EDS  coefficient  is  calcu¬ 
lated  a  =  25  juW/°C  for  Cu-Ni  thermocouples.  Temperature  of  shock- 
compressed  polymethyl-crylate  was  theoretically  calculated  in  pressure  range 
O-s-10  GPa. 

When  performing  tests  with  use  of  thermocouples,  significant  difference 
is  recorded  between  form  and  value  of  thermo-EDS  signals  and,  correspond¬ 
ingly,  temperature  in  dependence  on  space  location  of  gauges  regarding  to 
shock  wave  front.  The  following  values  of  temperatures  were  recorded  in  po¬ 
lymethyl-crylate  at  shock  compression  pressure  of  5  GPa:  950K  for  parallel 
and  620K  for  perpendicular  configurations.  Indications  of  thermocouples,  lo¬ 
cated  parallel  to  the  shock  wave  front,  1.5  times  exceed  indications  of  thermo¬ 
couples,  located  perpendicular  to  the  shock  wave  front.  Theoretically  calcu¬ 
lated  temperature  of  polymethyl-crylate  pressure  of  5  GPa  is  equal  to  460K. 

In  testes  for  measure  of  polymethyl-crylate  by  the  method  of  thermal  re¬ 
sistances  we  used  thin  film  cooper  gauges,  which  were  manufactured  by 
method  of  magnetron  deposition  and  poly  lithography.  Thickness  of  copper 
layer  of  the  gauge  was  1  pm.  The  following  values  of  temperatures  were  ex¬ 
perimentally  obtained  for  polymethyl-crylate:  350K,  420K,  480K  at  pressure 
of  compression  of  5,  8,  10  GPa,  correspondingly.  Theoretically  calculated  val¬ 
ues  of  temperatures  for  polymethyl-crylate  were  460K,  600K,  71  OK  at  similar 
values  of  pressure. 


RECORDING  OF  SHOCK-WAVE  AND  DETONATION 
PROCESSES  BY  LASER  VELOCIMETER  THROUGH 
WATER  WINDOW. 

A  .V.  Fedorov,  A.  V.  Menshikh,  N.  B.  Yagodin. 

RFNC-VNNIIEF Sarov,  Russia. 

Water  is  a  good  material  for  recording  of  shock-wave  processes  in  mate¬ 
rials  with  parameters  of  dynamic  rigidity.  Thus,  water  is  used  as  a  window  for 
recording  of  shock-wave  parameters  at  the  investigated  sample-water  window 
interface  boundary.  Recording  is  performed  by  laser  interferometric  Fabry- 
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Perot  and  ORVIS  methods.  The  paper  presents  a  series  of  experimental  re¬ 
searches  with  use  of  water  window. 

To  record  parameters  of  material  resistance  against  destruction  of  shock- 
wave  loading  the  profile  of  the  material-water  window  interface  boundary  was 
recorded.  In  the  case  of  spall  fracture  one  can  observe  characteristic  picture  of 
velocity  profile  vs.  time  in  the  form  of  attenuated  vibrations.  This  picture  al¬ 
lows  to  determine  dynamic  strength  of  materials,  using  such  method  the 
strength  of  some  materials  (Cu,  Al,  Fe,  plexiglass)  are  determined  at  charac¬ 
teristic  loading  with  tension  effects  time  of  KH-IO'7. 

For  some  practical  problems  the  velocity  increase  at  launching  of  liners 
into  water  is  of  all  interest. 

Such  profiles  were  recorded  for  thin(less  than  1  mm)and  thick  liners. 

For  compacting  of  ultra-dispersed  diamonds  (UDD)  with  density  of  0,6- 
1 ,5g/cm3  the  water  window  was  used  to  record  profile  of  particle  velocity  vs. 
time  for  wave  passed  through  UDD  sample.  At  the  sample  entrance  the  shock 
wave  had  a  rectangular  shape. 

Also  the  water  window  was  used  to  research  structure  of  detonation 
front  of  condensed  HE. 

Thin  (6-10  mm)  aluminium  foil  was  placed  between  water  and  HE.  Thus, 
the  detonation  front  is  recorded  in  group  of  mixture  HE. 

The  paper  also  describes  other  applications  of  water  windows  for  shock- 
wave  experiments. 

H3MEPEHHE  flABJIEHHfl  B  YflAPHBIX  BOJIHAX, 
B03Ey5K/JAEMMX  HMIiyJIBCAMH  MBI  KOrO 
PEfflTEHOBCKOrO  H3JiyHEHHH  HA  YCTAHOBKE 
AHrAPA-5-1,  nPH  nOMOUJH  nB^O>  MTHHKOB. 

B.B.  JlKymeB,  B.E.  OopTOB,  T.H.  flKyiueBa,  *E.B.  rpafioBCKim, 
*r.M.OjieiiHHK,  *B.n.  ClMHpHOB 

MHcmumym  npodneM  ximmecKou  (pu3UKu  PAH,  tJepnosojioeKa, 
*TPHHHTH,  TpoutfK,  Mock.  o6ji. 

lUyHeHHe  npoqeccoB  reHepaimn  y^apHbix  bojih  npw  B3aHMO/teHCTBHH 
MOUtHblX  HMnyJIbCOB  OJieKTpOMarHHTHOrO  H3JiyneHHH  C  KOHAeHCHpOBaHHbIMH 
cpe/iaMH  ABJifleTCH  o^hhm  H3  nepcneKTHBHbix  h  6wcto  pa3BHBaK>mnxc5i 
HanpaBJieHHH  4)H3hkh  bwcokhx  njioTHOCTen  3HeprHH.  OnpeaejieHHe  npocjmjiH 
^aBJieHHJl  B  T3KHX  BOJIHaX  MO>KeT  flaTb  BaXCHyiO  HH4)OpMaqHK)  KaK  06 
HHTeHCHBHOCTH  na^aiOlHerO  Ha  MHIIieHb  H3JiyHeHHfl  B  KOHKpeTHOM 
3KcnepHMeHTe,  Tan  h  o  (})H3HKe  ero  B3aHMOfleHCTBHJi  c  BemecTBOM. 

B  aaHHOH  paboTe  nbe303JieKTpHHecKHe  njieHKH  opraHHiecxoro 
cerHeT03JieKTpHKa  -  nojiHBHHHjiHfleH(j)TopH£a  (nB^O)  6bum  ycneuiHO 
Hcnojib30BaHbi  jy is  H3MepeHH«  ^HHaMHMecKoro  flaBjieHHH  b  y^apHbix  BOJiHax, 
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B036y5K,aaaeMbix  b  ajnoMHHHeBbix  hjih  CTajibHbix  MHiueHax  non  flewcTBHeM 
HMnyjibcoB  MHrKoro  peHireHOBCKoro  H3JiyHeHHa  Ha  ycTaHOBKe  “AHrapa-5-1”. 

B  3KcnepHMeHTax  Harpy3KOH  reHepaTOpa  ycTaHOBKH  (tok  ao  5MA) 
HBJTHJIC5I  KaCKa^HblH  (ABOHHOH)  JiaHHep,  BHeiUHHH  HHJIHHapHHeCKaa  o60J10HKa 
KOTOporo,  ycKopeHHaa  k  ee  och  /jaBJieHHeM  MarHHTHoro  nojia  reHepaTOpa, 
KOHBepTHpyeT  cboio  3HeprHK>  b  HMnyjibc  MarKoro  peHTreHOBCKoro 
H3JiyHeHHa  c  HaHOcexyHAHbiM  BpeMeHeM  HapacTaHHa.  OSjiynaeMaa  MHiiieHb 
pacnonarajiacb  Ha  paccToaHHH  8  cm  ot  HCTOHHHxa.  AMiuiHTyflHoe  3HaueHne 
moihhocth  H3JTyneHHa  Ha  ee  noBepxHOCTH  cocTaBJiajio  2-5  TBt/cm2. 
KoHCTpyxTHBHO  MHiueHb  6bma  o6beflHHeHa  c  aaTHHXOM  aaBJieHHa.  IlpH 
3TOM,  AJ1  a  3amHTbI  OT  CHJIHHbIX  3JieKTpOMaFHHTHbIX  nOMeX,  flaTUHX  6bIJI 
pacnoJioxceH  b  sxpaHHpyiomeH  MeTajuiHuecxon  Tpybxe  h  Bca  cbopxa 
pa3MemeHa  3a  cneuHajibHbiM  KOJiJiHMaTOpOM,  npeflOTBpamaiomHM 
npoHHKHOBeHHe  pacceaHHbix  b  OKpyacaroiueH  njia3Me  tokob  Ha  noBepxHOCTb 
o6pa3qa.  EbiJi  Taxace  npHHaT  pa«  cneitHajibHbix  Mep,  npeflOTBpamaioiiiHx 
B03fleHCTBHe  Ha  nOBepXHOCTb  MHUieHH  BTOpHHHbIX  3JieXTpOHOB. 

B  xanecTBe  MaTepnana  HyBCTBHTejibHoro  3JieMeHTa  Hcnojib30BajiH 
3jiexTpHMecxH  nojiapH30BaHHyio  MOflH(j)H4HpOBaHHyio  IIB/JO  njieHxy  Mapxn 
0-2M3  TOJimHHOH  25-30  mxm.  Iljiocxaa  MHiueHb  tojtihhhoh  0,5mm  HMejia 
axycTHHecxHH  xoHTaxT  c  HyBCTBHTejibHbiM  sjieMeHTOM.  Heo6xoaHMaa 
TOHHOCTb  H3MepeHHH  flocTHranacb  xax  npe^BapHTejibHOH  TapHpoBxon 
xaacaoro  HyBCTBHTejibHoro  sjieMeHTa,  nocpe^CTBOM  H3MepeHHH 
nbe303JiexTpHHecxoro  MOflyjia  d33,  Tax  h  BbibopouHofi  ^HHaMHHecxoH 
XaJ[H6pOBXOH  aaTHHXOB  B  CneUHaJIbHbIX  B3pbIBHbIX  3XCnepHMeHTaX. 

PVDF  MEASUREMENTS  OF  HEAVY-ION-BEAM- 
INDUCED  PRESSURE  PULSES  IN  LEAD  TARGETS 

V.  Yakushev,  V.  Fortov,  M.  Kulish,  T.Yakusheva  *R.  Bock, 
*Dieter  H.H.  Hoffmann,  *U.  Funk,  *M.  Stetter,  and  *S.  Stowe 

ICP  RAS,  Russia,  *GSI,  Germany. 

PVDF  piezoelectric  polymer  shock  stress  sensors  have  been  used  to 
measure  the  pressure  pulses  generated  by  heavy  ion. beam  in  the  GSI  accelera¬ 
tor  at  Darmstadt  (Germany).  Total  amount  of  1010  Ar+18  ions  with  300 
MeV/nucleon  was  distributed  in  a  single  parabolic  bunch  with  a  duration  of 
500  ns.  The  bunch  was  focused  on  lead  targets.  The  focal  spot  size  was  about 
800  p,m  horizontal  and  600  Jim  vertical.  The  sensors,  5  mm2  in  area,  were  ep¬ 
oxy-bonded  onto  lead  cylinder  10  mm  in  diameter  and  covered  either  lead  or 
epoxy  holders.  Particular  attention  was  given  to  minimizing  of  the  non-planar 
strain  effects  on  gauges'  output.  For  this  purpose  the  gauges  were  made  of  an 
uniaxially-stretched  PVDF  Film  and  specially  oriented  on  the  target  surface. 
From  the  experimental  results,  time-resolved  stresses  resulting  from  interac- 
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tion  between  the  ion  bunch  and  the  targets  were  obtained,  including  a  deter¬ 
mination  of  induced  peak  pressures  (to  1 .5  kbar). 

TEMPERATURE  OF  SHOCK  COMPRESSED  CARBON 
TETRACHLORIDE  FROM  2-BAND  RADIOMETRIC 
MEASUREMENTS  IN  THE  MID-INFRARED 

O.  V.  Fat’yanov,  T.  Ogura,  and  K.  Kondo 

Materials  and  Structures  Laboratory,  Tokyo  Institute  of  Technology  Na- 
gatsuta,  Midori,  Yokohama,  Japan 

High  accuracy  temperature  data  for  carbon  tetrachloride,  CCU,  com¬ 
pressed  in  the  4.6  to  9.2  GPa  pressure  range  were  obtained  from  mid-infrared 
radiance  measurements  in  two  overlapping  bands,  approximately  7  to  9.5  pm 
(band  #1)  and  9  to  12  pm  (band  #2).  Planar  shocks  were  generated  by  im¬ 
pacting  targets  with  copper  flyer  plates  accelerated  to  1.1  to  1.8  km/s  with  a 
propellant  gun.  The  shock  states  in  the  samples  were  determined  from  the 
measured  projectile  velocities  and  known  Hugoniot  adiabats  for  copper  flyer 

and  driver  plate  and  for  CCU.  .  ,  , 

Fast  liquid  nitrogen  cooled,  reverse-biased  HgCdTe  photovoltaic  detec¬ 
tors  with  a  cut-off  frequency  of  100  MHz  at  3  dB  were  the  principle  feature  of 
the  two-channel  radiometer  housed  in  a  light  tight  box  outside  the  target 
chamber.  The  radiation  emitted  from  shock-compressed  liquid  sample  is  re¬ 
flected  at  an  expendable  mirror  and  transmitted  out  of  the  vacuum  chamber 
through  a  window  of  barium  fluoride  used  as  a  seal  in  the  chamber  wall.  ^ 
radiation  then  is  collected  and  collimated  by  two  identical  ZnSe  lenses  of  63.5 
mm  focal  length,  is  split  by  a  50/50  broadband  infrared  ZnSe  beamsplitter  and 
refocused  onto  the  detectors  by  two  more  identical  ZnSe  jenses  of  approxi¬ 
mately  45  mm  focal  length.  7  -  9.5  pm  and  9  -  14  pm  band-pass  filters  mounted 
immediately  in  front  of  the  detector  windows  select  the  radiometer  wavelength 
range  and  ensure  blocking  of  any  visible  light.  Detector  signals  are  amplified 
by  matched  low-noise  AC-coupled  preamplifiers  in  tandem  with  ultra-low 
noise  wide  band  video  amplifiers  (350  MHz,  40  dB  gain)  and  recorded  on  a 

digital  Tektronix  oscilloscope.  .  .  .  - 

Black-body  radiation  simulator  with  an  estimated  emissivity  value  ot 
at  least  0.995  placed  inside  the  target  chamber  in  a  position  180°  away 
from  the  targets  was  used  as  an  absolute  intensity  calibration  source.  To 
go  from  the  target  to  the  calibration  requires  only  a  90°  rotation  of  the 
turning  expendable  mirror.  Slotted  chopper  located  in  the  position  of  the 
target  image  focused  by  the  first  collecting  lens  was  used  to  provide 
roughly  20  ps  pulses  of  incoming  radiation.  Linearity  of  the  system  over 
the  working  range  of  radiant  power  was  checked  numerically  using  exter¬ 
nal  transmittance  data  for  all  optical  components  and  spectral  responsiv- 
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ity  curves  for  the  detectors.  Maximum  relative  deviation  from  the  linearity 
for  computed  detector  output  signal  did  not  exceed  approximately  1  and  2 
%  for  band  #1  and  #2,  respectively,  for  all  calibration  temperatures  except 
500  K  when  the  signal-to-noise  was  as  low  as  2h-3.  The  exit  aperture  of  a 
black-body  radiation  cavity  was  made  equal  with  a  high  accuracy  to  the 
aperture  of  the  liquid  sample  target.  Any  other  arrangement  resulted  in 
large  systematic  radiometric  errors  due  to  background  collection  by  60° 
field  of  view  detectors  that  have  been  revealed  in  thorough  preliminary 
tests. 

High  precision  infrared  absorption  spectra  for  BaF2  windows  and  CCU 
were  measured  on  a  Perkin-Elmer  model  Spectrum  2000R  NIR  FT-Raman 
spectrometer.  The  measurements  cover  the  range  4000  to  450  cm1  at  0.2  cm1 
steps.  No  any  traceable  impurities  were  resolved  in  the  liquid  samples  spectra. 

The  temperature  is  found  by  the  least-square  Fitting  of  time-resolved  ra¬ 
diance  data  to  the  solution  of  the  radiation  transfer  equation  after  the  shocked 
material  becomes  opaque.  Transmittance  of  the  target  window  and  time- 
dependent  absorbance  of  unshocked  CCU  layer  that  have  not  been  accounted 
automatically  in  the  calibration  procedure,  are  included  in  this  numerical  pro¬ 
cedure.  The  lower  temperature  limit  was  determined  assuming  non-reflecting 
shock  front.  According  to  the  published  experimental  data,  the  maximum  re¬ 
flectivity  value  in  the  visible  does  not  exceed  roughly  1  %  under  our  experi¬ 
mental  conditions.  This  assumption  may  be  completely  wrong  in  the  infrared, 
so  another  data  set  was  calculated  for  the  reflectivity  value  of  10  %  to  demon¬ 
strate  the  influence  of  this  parameter  on  the  derived  temperature  values.  The 
results  are  briefly  summarized  in  the  table  where  P,  r,  and  T  denote  shock 
pressure,  reflectivity  of  shock  front,  and  temperature,  respectively. 


P,  GPa 

T,  K  for 
r  =  0 

(band  #1) 

T,  K  for 
r=  10% 
(band  #1) 

PH 

4.6  ±0.2 

790  ±  20 

797  ±  20 

824  ±20 

838  ±  20 

6.8  ±0.5 

1019  ±  30 

1003  ±30 

1072  ±30 

1061  ±30 

8.1  ±0.2 

1125  ±40 

1090  ±40 

1187  ±40 

1156  ±40 

9.2  ±0.3 

1333  ±20 

1336  ±20 

1414  ±  20 

1426  ±20 

Presented  here  data  are  in  a  fairly  good  agreement  with  experimental  re¬ 
sults  obtained  by  other  researchers  in  the  visible  range  and  with  existing  theo¬ 
retical  calculations. 
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REVIEW  OF  INVESTIGATIONS  UNDER  WAY  ON  THE 
LARGE-SCAL  TSNIIMASH  BALLISTIC  FACILITY 

Pavel  V.  Kryukov, 

"Ballistic  Technologies"  Scientific  Venture,  Korolev, 

Moscow  region,  Russia 

The  large-scale  TsNIIMASH  ballistic  facility  was  created  in  1992 
through  modernization  of  large  shock  tunnel.  Having  0.5-m  caliber,  the  facil¬ 
ity  is  200  m  long.  In  each  experiment  on  the  facility,  stoichiometric  hydrogen- 
oxygen  mixture  with  a  volume  of  up  to  300  m3  is  exploded,  what  is  equivalent 
to  an  explosion  of  about  400-kg  of  TNT.  In  the  air-evacuated  ballistic  chan¬ 
nel,  60  m  long,  steel  gyrostabilized  plates,  0.5  m  in  diameter,  are  boosted  by 
the  action  of  the  expanding  products  of  detonating  gas  mixture  and  travel 
along  the  channel  on  a  magnetic  suspension  without  a  mechanical  contact 
with  the  channel  walls.  To  date  a  technology  has  been  developed  for  launching 
plates  6  mm  thick,  9. 1  kg  weight,  with  the  velocity  of  3.5  km/sec,  and  plates  20 
mm  thick,  30  kg  weight,  with  the  velocity  of  up  to  2  km/sec.  The  case  is  unique 
in  combination  of  geometric  dimensions  of  the  ballistic  facility  with  high- 
precise  motion  of  the  plate.  In  the  foreseeable  future  we  plan  to  increase  the 
launch  velocity  of  gyrostabilized  plates  weighing  9. 1  kg  to  5-6  km/sec. 

The  paper  discusses  the  results  of  previously  performed  experiments  on 
diamond  dynamic  synthesis  through  direct  phase  transition  in  graphite  with 
no  shock  wave  heating. 

The  paper  also  covers  results  of  the  work  on  the  development  of  hyper¬ 
velocity  ballistic  facility  for  launching  compact  aluminium  projectiles,  2-4  g  by 
mass  with  the  velocity  of  14  km/sec.  The  hypervelocity  ballistic  facility  is 
scheduled  to  be  brought  into  operation  in  mid-1998.  The  working  gas  parame¬ 
ters  desired  for  the  hypervelocity  launch  are  expected  to  be  realized  behind  the 
front  of  the  shock-wave  which  converges  in  the  cone,  2.5  m  long,  butted 
against  the  end  of  the  barrel,  0.5  m  in  diameter.  We  plan  to  boost  compact 
projectiles  of  size  1  cm,  keeping  them  intact,  in  the  acceleration  channel,  3.5  m 
long,  within  the  barrel  attached  to  the  cone.  A  section  of  the  facility,  ca.  100  m 
long'  together  with  the  cone  are  filled  with  stoichiometric  hydrogen-oxygen 
mixture  so  that  the  pressure  does  not  exceed  10  atm.  In  the  experiment  the 
detonation  wave  propagates  over  the  mixture,  then  transforms  in  the  cone  to  a 
strong  shock  wave.  Behind  the  shock-wave  front,  the  gas  density  at  the  accel¬ 
eration  channel  inlet  reaches  50  kg/m3,  while  its  velocity  -  14  km/sec. 
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SHOCK  WAVES  GENERATION  IN  POROUS  AEROGELS 
TARGET  BY  PULSE  ELECTRON  BEAM. 

V.P.Efremov,  V.E.Fortov,  *B.A.Demidov,  *I.A.Ivonin,  ** 

N.Keeler 

HEDRC  RAN,  *RRC  Kurchatov  Institute,  Moscow,  Russia, 
**KAMAN  Diversities  Technologies  Corporation,  USA 

Interest  to  porous  aerogel  is  determinated  by  perspective  using  of 
these  materials  as  protector  materials  for  cosmic  apparatus  from  mi- 
crometeorits  shocks.  Also  such  materials  are  applied  in  targets  for  iner¬ 
tial  confined  fusion. 

The  purpose  of  this  work  is  direct  optical  observation  of  energy  deposi¬ 
tion  zone  of  pulse  electron  beam  in  condensed  matter,  measurements  of  expan¬ 
sion  of  porous  dielectric  material  after  fast  volume  heating  and  evaluation  of 
equation  of  state 

Shock  waves  in  aerogel  are  generated  by  pulse  electron  beam.  Relativistic 
electron  beams  are  convenient  for  investigation  of  thermodynamic  properties 
of  matter  under  pulse  volume  energy  deposition.  Among  their  advantages, 
compared  to  laser  and  heavy  ion  beams,  is  a  relatively  large  and  good  predict¬ 
able  range  of  electrons  in  a  hot  material.  That  makes  the  theoretical  analysis 
of  such  experiments  more  simple.  In  this  work  the  porous  transparent  dialec- 
trical  samples  (Si02)  with  densities  0.36,  0.24,  0.14  and  0.029g/cc  were  irradi¬ 
ated  by  the  electron  beam.  The  main  advantages  of  aerogel  targets  compared 
to  other  materials  are  small  density  (large  range  of  electrons)  and  the  trans¬ 
parency  of  material.  The  transperence  allows  to  measure  the  luminosity  distri¬ 
bution  along  the  energy  deposition  zone  placing  the  recording  device  perpen¬ 
dicularly  to  the  beam  direction.  The  experiments  were  carried  out  on  the 
KALMAR  accelerator.  The  beam  current  was  varied  in  the  range  10-20  kA, 
the  pulse  duration  was  80-  150  ns  and  the  electron  energy  was  from  270  keV  to 
290  keV.  Absorbed  energy  distribution  in  the  deposition  zone  has  been  com¬ 
pared  with  results  of  calculations  made  with  and  without  accounting  for  hy¬ 
drodynamic  motion  of  the  matter. 

The  samples  of  aerogel  were  cubic  form.  The  beam  diameter  was  about 
10-12  mm.  That  ensures  a  plane  exposition  of  the  sample.  The  light  luminosity 
from  the  energy  deposition  zone  was  recorded  after  passing  through  an  optical 
system.  That  allows  to  measure  velocities  of  expansion  of  aerogel  in  spite  of 
electron  beam  direction  and  inside  of  materials.  Besides  we  measured  time  of 
arriving  disturbance  from  energy  deposition  zone  to  back  free  surface  with  la¬ 
ser  interferometer. 

These  experimental  data  and  one  dimensional  hydrodynamic  simulations 
let  us  to  test  different  equations  of  state.  We  used  equation  of  state  (Mie- 
Gruneisen)  with  elastic  component  taking  into  account  self-matched  change  of 
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porosity  under  loading.  This  form  equation  of  state  gives  more  good  agree¬ 
ment  with  all  experimental  data. 

The  work  has  been  done  due  to  financial  support  of  the  Russian  Founda¬ 
tion  for  Basic  Research  (grant  No.  97-02-16729). 

METHODS  OF  STUDY  OF  NON  -  STATIONARY  LOADS 
ACTIONON  COMPOSITE  CONSTRUCTIONS 

Loborev  V.M.,  Cheprunov  A.A.,  Ostrik  A.V.,  Petrovsky  V.P. 

Central  Institute  of  Physics  and  Technology, 

Russia,  Moscow  Region,  Sergiev  Posad 

The  paper  examines  experimental  methods  of  study  of  composite  con¬ 
structions  strength  to  the  action  of  non-stationary  loads  and  describes  the 
complex,  designed  for  study  shock  -  wave  actions  on  constructions.  The  com¬ 
plex  contains  the  following  elements: 

•  the  set  of  explosive  facilities  designed  for  producing  dynamic  loads  in 
the  wide  range  of  variable  amplitude  and  spatial  parameters: 

•  lest  bench  equipment  for  producing  the  stationary  loads  (shells  heating, 
axial  squeezing,  internal  pressure  in  bodies  and  their  combination); 

•  facilities  lo  measure  the  load  parameters  and  constructions  response  to 
mechanical  loading. 

With  the  help  of  the  designed  methods  we've  determined  the  relation  be¬ 
tween  parameters  of  composite  constructions  response  (models,  fragments, 
working  gas  generators)  and  shock  -  wave  load  parameters.  Also  the  paper 
discusses  the  new  results  of  the  experiments  on  the  basis  of  those  the  processes 
leading  to  failure  of  composite  constructions  under  shock  -  wave  loading  have 
been  established. 

STUDY  OF  SHOCK  WAVES  PRODUCED  BY  THE  EXPLO¬ 
SION  IN  MULTI  -  LAYER  MATERIALS 

Petrovsky  V.  P.,  Cheprunov  A.A. 

Central  Institute  of  Physics  and  Technology, 

Russia,  Moscow  Region,  Sergiev  Posad 

The  paper  considers  methodical  questions  of  detection  of  wave  process 
parameters  in  heterogeneous,  multi  -  layer  materials  and  presents  the  results  of 
the  experimental  investigation  of  samples  behavior  linker  pulse  loading  condi¬ 
tions.  Shock  waves  were  produced  by  way  of  sliding  detonation  of  the  elastic 
high  -  explosive.  The  tested  samples  comprised  a  multi  -  layer  shield  and  the 
construction  fragment. 

The  investigation  involved  determination  of  muss  velocity  and  pressure 
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attenuation  as  the  compression  wave  penetrates  deep  into  the  construction 
material. 

The  choice  of  the  shield  optimized  for  weight  and  damping  properties 
was  also  made.  The  data  obtained  have  been  used  to  form  the  model  of  de¬ 
structions  and  ensure  the  study  of  composite  materials  strength. 

AHOMAJlbHOE  nOBE^EHHE  YflEJIbHOfl 
3JIEKTPOnPOBOflHOCTH 
BMCOKOOPHEHTHPOBAHHOrO 
nHPOJIHTHHECKOrO  I  PAOHTA IIPH 
MHOrOKPATHOM  YflAPHOM  C3KATHH 

B.H.  IIocthob,  A.B.  Ytkhh,  B.E.Ooptob  h  B.B.  BicymeB 

HnX0  PAH 

B  paboTe  npeACTaBJieHbi  pe3yjibTaTbi  HccneAOBaHHa  yAenbHOH 
3jieKTponpoBOA»ocTH  BbicoKOopneHTHpoBaHHoro  (cTeneHb  pa30pneHTauHH 
MHKpobjroKOB  1°)  nnpojiHTHHecKoro  rpa^HTa  npn  ero  npeBpameHHH  b 
ajiMa3Hyio  MOAH^JHKaqmo  b  ycnoBHax  MHorOKpaTHoro  yuapHOro  cacaTHa  b 
Anana30He  AaBJieHHH  10-  59  Tlla.  B  3KcnepHMeHTax  Hcnojib30BajiH  MeTOAHKy 
OAHOBpeMeHHoro  H3MepeHHa  yAeubHoro  3JieKTpoconpoTHBneHHa  p  o6pa3qoB 
h  perHCTpaqHH  npo(J)HJia  AaBneHHa  p  c  noMombio  MaHraHHHOBbix  abthukob. 
Bbuio  3a(J)HKCHpOBaHO  yBenHMemie  p  rpaijiHTa  Ha  2-3  nopaAKa  npn 
npeBbiuieHHH  AaBJieHHa  (Jia30Boro  nepexoAa  nnpojiHTHHecKoro  rpa4)HTa  b 
aJiMa3  pn,  paBHoro  npHMepHO  20  Tlla.  Ilpn  3tom  oica3ajiocb,  hto  1-  ecnw 
aMnjiHTyAa  nepBOH  yAapHOH  bojihm  pi  peacHMa  MHoroKpaTHoro  cacaraa  bbrna 
boAbiue,  neM  pn,  to  BpeMa  H3MeHeHna  conpOTHBneHHa  obpa3qoB,  CB«3aHHoe  c 
KHHeTHKOH  (|)a30Boro  npeBpameHHH,  cocTaBJiano  10-20  hc;  2-  ecjiH  pi  6biJio 
MeHbme  pn,  TorAa  BpeMa  B03pacTaHH«  conpoTHBJieHHa  npn  4)a30B0M 
nepexoAe  yBejiHHHBajiocb  Ha  2  nopaAKa.  BepoaTHO  3TO  aBAaeTca  pe3ynbTaTOM 
cymecTBeHHoro  HapyuieHHa  hcxoahoh  KpHCTajuiHHecKOH  cTpyKTypbi 
rpa(})HTa,  npHBOAamen  k  H3MeHeHHio  xapaKTepa  npeBpaiqeHHa  b  AaHHbix 
yCJIOBHaX  OT  MapTeHCHTHOrO  K  AH(})(})y3HOHHOMy. 

HeoacHAaHHbiMH  oKa3ajincb  pe3yAbTaTbi  3KcnepHMeHTOB,  KorAa 
AaBJieHHe  MHoroKpaTHoro  cacaraa  npeBbimano  48  Tlla.  IlpH  3tom  AaBJieHHH 
B03HHKajio  HeobbiuHoe  aBJieHHe  pe3Koro  yMeHbmeHHa  p  o6pa3qoB 
npaKTHnecKH  ao  hcxoahoh  BejiHHHHbi  Ha  (j)OHe  npOAOJiacaiomeroca 
yBenHHeHHa  p. 

C  qeiibK)  MOAejiHpoBaHHa  AaHHoro  aBneHHa  bbuin  npOBeAeHO 
HCCJieAOBaHHe  noBeAeHHa  yAenbHoro  3JieKTpoconpOTHBJieHHa  KOMno3HTa: 
3noKCHA»aa  CMOJia  -  MeAKOAHcnepCHbiH  rpa(J)HT  npn  achctbhh  oAHOKpaTHoro 
yAapHoro  cacaTHa  b  Anana30He  AaBJieHHH  2-14  TITa.  HanaJibHoe  p  o6pa3qoB 
cocTaBJiaao  10  MOm  cm  h  bojiee  b  3aBHCHMOCTH  ot  obteMHoro  coAepacaHHa 
rpa(J)HTa  (3-16)%.  Taicon  hcxoahwh  cocTaB  KOMno3HTa  b  onpeAeneHHoif 
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CTeneHH  HMHTHpOBaji  cocTOHHHe  o6pa3UOB  nHpojTHTHHecKoro  rpa(J)HTa  nocjie 
nojiHMop4)Horo  npeBpaujeHna.  Bwjio  obHapyaceHo,  hto  cpa3y  3a  4>POHTOM 
y^apHOH  BOJiHbi  p  KOMno3HTa  yMeHbmaeTCfl  Ha  5-10  nopaAKOB,  a  caM  nepexoA 
HMeeT  o6paTHMbiH  xapaKTep  no  Mepe  npnxoAa  BOJiHbi  pa3rpy3KH.  3aMeHa  b 
KOMno3HTe  rpa(J)HTa  Ha  MejiKOAncnepcHyio  OKHCb  ajnoMHHna  npHBejia  k 
HCHe3HOBeHHK)  HBJieHHH. 

AHanH3  nojiyqeHHbix  pe3yjibTaTOB  noKa3aji,  hto  nepexoA  HCCJieAyeMbix 
cocTaBOB  b  npOBOAamee  cocToanne  3a  (Jjpohtom  y^apHOH  BOJiHbi  He  CBa3aH  c 
yBenHHeHHeM  KOHqeHTpauHH  rpa(J)HTa  a o  ypoBHa  nopora  npOTenaHHa. 
IIpHHHHOH  3TOMy  ABJieHHK)  MoryT  6biTb  HepaBHOBecHbie  TenjioBbie  npoueccbi, 
cneAH^HHecKne  an*  AHHaMHHecicoro  cacaraa  reTeporeHHbix  cpeA  c  pa3HOH 
yAapHOH  cacHMaeMOCTbio  KOMnoHeHTOB.  Ilo  oueHKaM  TeMnepaTypa  npn  3tom 
Ha  rpaHHuax  3epeH  HanojiHHTejia  mojkct  AOCTHraTb  Tbican  rpaAycoB,  hto 
AOJiaCHO  npHBeCTH  K  AeCTpyKUHH  AH3JieKTpHHeCKOH  MaTpHAbI  h  noaBAeHHio 
HocHTeneH  TOKa.  TaKHM  o6pa30M  tohkhc  pa3orpeTbie  cjioh  AnaJieKTpHKa 
MoryT  nrpaTb  pojib  npOBOAamnx  nepeMbineK  Mea<Ay  nacTHijaMH 
npoBOAamero  HanojiHHTeJia  h  aBJiaTbca  ochobhoh  npunwHOH  B03HHKH0BeHHa 
nepKOJianHH. 

B  3aKJiiOHeHHe  CA&naH  bhboa,  hto  noAo6Hbie  npoqeccbi  hmciot  MecTO 
nocae  $a30Boro  npeBpameHHa  nwpojiHTHHecKHH  rpa(})HT  -  ajiMa3  h 
OTBeTCTBeHHbi  3a  aHowajibHoe  noBeAeHne  yAejibHoro  3neKTpoconpoTHBJieHHa 
HccaeAyeMbix  o6pa3qoB  b  o6jiacTH  48  ma  b  peacnMe  MHoroxpaTHoro 
cacaTHa. 

Pa6oTa  BbinojiHeHa  npn  (JwHaHCOBOH  noAAepacKe  POOH,  rpaHT  N°  98- 
02-17693. 

1.  Mitchell  A.C.,  Shaner  J.W.  and  Keeler  R.NVThe  use  of  electrical  conduc¬ 
tivity  experiments  to  study  the  phase  diagram  of  carbon.  //Physica.  1986, 
v.139  &  MOB,  p.386-389,  Proceed.  Xth  AIRAPT  Conf.,  July  8-11,  1985. 

2.  5KyrnH  IO.H.,  KpynHHKOB  K.K.,  Obchkhh  H.A./HccjieAOBaHHe 
oco6eHHOCTen  npeBpainenna  yAapHO-oxaToro  rpa(})HTa  b  ajiMa3  no 
H3MeHeHHK>  3JieKTpoconpOTHBJieHHa.//  XnMHMecKaa  4>n3HKa.  1987,  t.6.  ? 
10,  c.  1 447- 1 450. 

3.  nocTHOB  B.H.,  JlKymeB  B.B.  /HccneAOBaHne  3neKTpoconpOTHBJieHna 
npoBOAaiAHX  KOMno3HTOB  b  ycjiOBnax  AHHaMHHecKoro  cacaTna.  //  B  c6.  “ 
XwMHHecKaa  4>H3HKa  npoueccoB  ropeHHa  h  B3pbiBa”.  XI  CnMno3HyM  no 
ropeHHK)  n  B3pbiBy,  ^epHoronoBKa,  1996,  t.1.  c.  344  -  345. 
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Z  PINCH  RADIATION  SOURCES  FOR  HIGH  PRESSURE 
EQUATION  OF  STATE  AND  CONSTITUTIVE  PROPERTY 
MEASUREMENTS* 

J.R.  Asay,  C.A.  Hall,  T.G.  Trucano,  T.A.  Mehlhorn, 

C.H.  Konrad,  K.G.  Holland 

Sandia  National  Laboratories,  Albuquerque,  New  Mexico,  US. 

Shock  wave  techniques  have  become  a  standard  tool  for  studying  the 
high  pressure  dynamic  response  of  materials.  An  important  advance  in  this 
field  is  the  development  of  techniques  for  making  detailed  measurements  of 
the  time-resolved  wave  structure  in  shock  compression  and  release  waves. 
These  techniques  began  with  the  development  of  stress  wave  gauges  in  the 
early  1960s  and  have  evolved  into  a  variety  of  high-resolution  techniques  that 
are  being  used  in  present  shock  physics  applications.  Traditionally,  these  tech¬ 
niques  have  been  used  with  precision  gun  launchers  and  explosive  loading 
techniques.  Recently,  we  have  demonstrated  that  Z  pinch  radiation  sources 
can  also  be  used  to  produce  and  diagnose  shock  wave  profiles  in  materials  at 
pressures  exceeding  1  Mbar.  The  Z  pinch  technique  developed  at  Sandia  Na¬ 
tional  Laboratories  uses  a  cylindrically  collapsing  plasma  produced  through 
application  of  high  current  in  an  array  of  fine  tungsten  wires  to  produce  in¬ 
tense  x-radiation  sources.  The  radiation  produced  through  this  process  is  con¬ 
tained  in  a  gold  coated  container,  referred  to  as  a  primary  hohlraum,  and  sub¬ 
sequently  used  to  ablatively  heat  a  specimen  in  a  secondary  hohlraum.  VISAR 
interferometry  is  used  to  measure  the  shock  wave  profiles  produced  in  the 
specimen  at  varying  propagation  distances.  Experiments  performed  on  alumi¬ 
num  at  shock  pressures  exceeding  1  Mbar  demonstrate  the  use  of  this  ap¬ 
proach  for  studying  a  variety  of  radiation-hydrodynamic  properties,  including 
the  ablation  physics  occurring  during  deposition  of  soft  x-rays  on  a  specimen 
and  the  high  pressure  thermophysical  properties  of  the  specimen,  including 
Hugoniot  response,  isentropic  loading,  and  mechanical  properties  such  as  high 
pressure  material  strength.  In  particular,  it  appears  feasible  to  study  the  isen¬ 
tropic  response  of  materials  in  condensed  phases  previously  inaccessible  in  the 
laboratory  with  standard  techniques  such  as  plate  impact  or  explosive  loading. 
This  presentation  will  discuss  the  Z  pinch  technology,  recent  results  obtained 
on  aluminum  and  other  materials,  and  prospects  for  continued  development  of 
this  technology. 

*  This  work  performed  at  Sandia  National  Laboratories  was  supported 
by  the  United  States  Department  of  Energy  under  contract  DE-AC04- 
94AL85000.  Sandia  is  a  multiprogram  laboratory  operated  by  Sandia  Corpo¬ 
ration,  a  Lockheed  Martin  Company,  for  the  U.S.  DOE. 
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SESSION  "  Advances  in  Numerical  Modeling 
Technology  " 

Co-Chairmen: 

V.Kuropatenko  -  Russian  Federal  Nuclear  Center,  Chelyabinsk-70, 
Russia 

I.Cameron  -  Atomic  Weapon  Establishment,  Aldemmaston,  UK 

THE  CURRENT  CODE  STATUS  IN  MODELLING  SHOCK 
PHYSICS  PROBLEMS 

I  G  Cameron 

AWE,  Aldermaston,  Berks,  England 

The  paper  reviews  the  recent  and  immediate  future  developments  in  the 
application  of  hydrocodes  to  the  solution  of  shock  physics  problems.  Histori¬ 
cally  the  greatest  accuracy  has  been  achieved  by  starting  problems  on  a  La- 
grangian  code  and  moving  to  an  Eulerian  one  when  mesh  distortion  becomes 
serious.  This  policy  is  reviewed  in  the  light  of  modern  developments.  These  in¬ 
clude  Arbitrary  Lagrange  Eulerian  and  Adaptive  Mesh  Refinement  techniques 
in  addition  to  meshless  techniques  such  as  the  Smoothed  Particle  Hydrody¬ 
namic  approach  and  the  rapid  evolution  of  computer  hardware.  The  latter  has 
been  one  of  the  most  dramatic  effects  in  hydrocode  development  in  the  current 
decade.  The  advantages  of  the  various  techniques  are  considered  in  relation  to 
the  many  physical  effects  which  have  to  be  modelled  in  modern  shock  physics 
simulations. 

TREK  HYDROCODE  FOR  NUMERICAL  SIMULATION  OF 
3D  FLOWS  OF  MULTICOMPONENT  MEDIUM 

Yanilkin  Yu.V.,  Tarasov  V.I.,  Stadnik  A.L.,  Bazhenov  S.V., 
Bashurov  V.V.,  Belyayev  S.P.,  Bondarenko  Yu.A.,  Gavrilova 
E.S.,  Gorev  V.V.,  Dibirov  O.A.,  Ivanova  G.G.,  Kovalev  N.P., 
Korol’kova  T.V.,  Pevnaya  P.L,  Shanin  A.A.,  Sofronov  Y.N., 

Toropova  T.A. 

RFNC-VNIIEF,  Sarov  (Arzamas- 16) 

The  report  is  devoted  to  description  of  multi-purpose  program  complex 
TREK,  intended  to  numerical  simulation  of  3D  flows  of  multicomponent  me¬ 
dium  characterized  by  large  deformations  of  interface  boundaries. 
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The  report  considers  the  most  general  ideas  and  principles,  laid  into  the 
groundwork  for  complex  organization;  discusses  the  methods  for  solving  the 
problem  of  initial  data  calculation  and  visualization  of  calculation  results. 

The  complex  is  intended  for  numerical  simulation  of  gas-dynamic  flows 
with  regard  to  firmness  of  materials,  diffusion  processes,  detonation  of  explo¬ 
sive  substances,  turbulent  mixing  and  poly-disperse  mediums’  flows.  Ap¬ 
proximation  for  differential  equations  is  produced  in  Eulerian  or  in  Lagran- 
gian-Eulerian  variables.  Concentration  method  is  used  for  interface  bounda¬ 
ries  calculation,  making  possible  to  localize  boundaries  with  an  accuracy  of 
one  calculating  cell.  The  brief  description  of  calculating  modules,  implemented 
within  the  complex,  is  adduced. 

There  are  presented  the  examples  of  simulation  of  several  tasks  by  TREC 
cods:  evolution  of  thin  shell  perturbations;  impact  penetration;  rising  up  of 
explosive  cloud;  aerosols  transport  in  atmosphere  et  al.  The  calculation  results 
are  compared  with  experimental  data  and  with  the  results  of  calculations  by 
the  other  methods.  We  have  got  a  good  agreement. 

CALCULATIONAL  TECHNIQUE  FOR  SHOCK  WAVES 
WITH  HEIGHTENED  MONOTONICITY 

I.R.Makeeva 

Russian  Federal  Nuclear  Center  -  VNIITF \  Snezhinsk,  Chelyabinsk  region, 

Russia 

In  many  difference  techniques  which  are  used  to  calculate  shock  waves 
quantities  profiles  in  the  vicinity  of  shock  layer  which  substitute  strong  discon¬ 
tinuity  are  non-monotonic.  In  a  number  of  techniques  [1]  non-monotonicity  if 
conditional  and  oscillations  amplitude  could  be  minimized  by  selection  of  re¬ 
spective  Courant  number.  Some  techniques  are  absolutely  non-monotonic  [2] 
and  some  are  absolutely  monotonic  [3].  The  property  of  last  one  is  that  with 
decreasing  Courant  number  the  discontinuity  is  strongly  “spreaded”. 

Oscillations  and  discontinuity  “spreading  “  initially  are  calculational 
phenomena.  Their  effect  on  the  processes  taking  place  in  a  substance  after 
shock  passing  have  not  been  studied  sufficiently.  Behind  the  shock  front  vari¬ 
ous  processes  such  as  phase  transfer,  chemical  reactions,  destruction,  etc. 
could  be  initiated  in  it.  For  a  number  of  model  problems  quantitive  effects  of 
oscillations  and  profile  “spreading”  on  evolution  of  mentioned  processes  is 
considered:  the  substance  is  “deceived”  concerning  the  true  conditions  under 
which  it  is  and  its  behavior  is  incorrect.  The  dependence  of  destruction  point 
coordinates  and  new  phase  origin  versus  oscillation  amplitude  or  gap 
“spreading”  width. 

To  minimize  mentioned  effects  the  calculational  technique  for  discon¬ 
tinue  solutions  of  fluid  dynamics  is  proposed  in  presented  work;  the  property 
of  profile  monotonicity  is  combined  with  minimization  of  gap  “spreading” 
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width.  This  effect  is  achieved  by  special  form  of  difference  equations  and 
Hugoniot  equations  application  for  description  of  energy  dissipation  in  the 
“spreading”  zone.  The  results  of  calculations  of  a  number  of  standard  prob¬ 
lems  (shock,  rarefaction  waves)  are  given. 

SIMULATION  OF  STRESS  RELAXATION  IN  SOLIDS 
V.A.  Bychenkov,  L.V.  Khardina 

Russian  Federal  Nuclear  Center,  Chelyabinsk-70,  Russia 

A  mathematical  model  and  numerical  Lagrangian  method  were  devel¬ 
oped  to  calculate  non-stationary  elastic-plastic  flows  taking  into  account  stress 
relaxation  kinetics.  Relaxation  processes  of  shear  stress,  tensile  stress  and  pres¬ 
sure  in  the  porous  materials  are  considered  in  a  uniform  context.  The  simplest 
form  of  relaxation  equation  for  stresses  in  a  motionless  system  is  proposed. 
Problems  of  numerical  simulation  are  considered,  calculation  results  are  pre¬ 
sented  describing  dynamic  processes  of  plane  wave  front  evolution  in  quartzite 
and  steel,  and  showing  porous  iron  compression  as  a  function  of  time  and 
pressure.  The  calculation  results  are  compared  with  the  experimental  data. 

THE  DIFFERENCE  SCHEME  OF  GODUNOV  FOR  SIMU¬ 
LATION  OF  POLYMORPHOUS  PHASE  TRANSITION 
UNDER  SHOCK-WAVE  LOADING  OF  SOLIDS 

Demidov  V.N. 

Institute  of  Strength  Physics  and  Materials  Science,  Siberian  Branch  of 

RAS,  Tomsk,  Russia 

Polymorphous  phase  transitions  proceeding  in  shock  waves  were  discov¬ 
ered  experimentally  for  many  metals,  minerals  and  rocks.  These  phenomena 
were  studied  the  most  extensively  for  iron  and  alloys  on  the  its  base.  There¬ 
fore,  iron  is  used  as  model  material  in  this  work. 

Here  the  analysis  of  questions  connecting  with  numerical  modeling  of 
polymorphous  alpha  <-->  epsilon  transition  in  iron  is  carried  out  at  the 
shock  wave  loading  and  the  correct  difference  scheme  is  suggested  for  mod¬ 
eling  of  this  phenomenon.  The  model  of  two  phase  elastic  plastic  medium  is 
used  in  one  velocity  and  one  temperature  approximation.  This  approxima¬ 
tion  is  enough  well-grounded  for  solid  phase  conversions.  Really,  the  inten¬ 
sity  of  the  heat  exchange  between  phases  and  the  forces  of  adhesion  interac¬ 
tion  in  solid  bodies  are  high  to  an  extent  that  we  may  neglect  the  mackro- 
scopic  displacement  of  phases  relatively  to  each  other  and  the  lack  of  coin¬ 
cidence  of  its  middle  temperature.  We  may  consider  that  values  of  tempera¬ 
tures  and  rates  of  phases  are  equal  to  each  other.  Naturally,  we  assume  that 
hypothesis  on  local  thermodynamic  equilibrium  is  correct  not  only  into  lim- 
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its  each  phase,  but  for  two  phase  medium  as  whole.  To  describe  the  alpha  <- 
->  epsilon  phase  transition  we  use  the  equation  of  kinetics  according  to  hich 
the  rate  of  ones  depends  exponentially  on  the  difference  between  chemical 
potentials  of  phases,  and  temperature  dependence  of  "reaction  constant" 
follows  the  traditional  Arrenius  law. 

The  explicit  uniform  monotonous  difference  scheme  of  first  step  of  accu¬ 
racy  is  developed  for  presented  medium  model,  that  is  analogous  to  gas  dy¬ 
namics  scheme  of  Godunov  S.K.  The  results  of  numerical  modeling  of  prob¬ 
lem  on  high  rate  collision  of  iron  plates  are  offered,  that  illustrates  the  typical 
peculiarities  of  evolution  of  wave  picture  of  flow  with  phase  transitions.  There 
are  the  transformation  of  shock  wave  to  "two  wave  picture",  stipulated  by  al¬ 
pha  <«>  epsilon  transition  and  the  formation  of  shock  waves  of  unloading  in 
the  region  of  inverse  epsilon  <-->  alpha  transition.  The  comparison  of  numeri¬ 
cal  results  and  known  experimental  dates  is  given. 

ANALYTICAL  AND  NUMERICAL  STUDIES  OF 
ACCELERATED  THIN  LAYER  INSTABILITY 

Bakhrakh  S.M.,  Simonov  G.P. 

RFNC-VNIIEF,  Sarov  (Arsamas-16)  Russia 

The  Raleigh-Taylor  instability  (RTI)  studies  present  a  certain  interest  due 
to  a  number  of  significant  and  urgent  issues  comprising  high-speed  throwing, 
inertial  thermonuclear  fusion,  construction  stability,  etc. 

Using  the  main  equations  represented  in  Lagrangian  variables  new  ana¬ 
lytical  solutions  have  been  obtained  for  the  problems  of  thin  accelerated  layer 
Raleigh-Taylor  instability  at  the  non-linear  in  the  observer  space  process 
stage. 

Analytical  solutions  have  been  obtained  for  a  liquid  layer  and  for  elastic 
layer  with  two-dimensional  and  three-  dimensional  perturbations.  The  pertur¬ 
bation  pre-history  dependence  has  been  studied  both  from  the  kinds  of  pertur¬ 
bation  (perturbations  of  the  middle  surface,  perturbations  of  the  layer  thick¬ 
ness  and  the  perturbations  in  the  initial  layer  velocities)  and  from  nondimen- 
sional  parameters  determining  the  perturbation  nature.  Depending  on  the  pa¬ 
rameter  values  both  exponentially  growing  and  limited  solutions  exist. 

The  relationship  between  the  perturbations  growth  increment  and  the 
critical  acceleration  has  been  obtained  for  a  thin  elastic  layer  and  the  bounds 
of  solution  limitedness  have  been  defined.  The  relations  determining  the  influ¬ 
ence  of  srength  on  the  perturbation  growth,  particularly,  on  the  conditions  of 
their  limitedness  have  been  obtained. 

It  was  demonstrated  that  contrary  to  the  liquid  the  elastic  layer  three- 
dimensional  perturbations  (with  a  sufficiently  large  shift  module)  grow  no 
faster  than  the  two-dimensional  ones. 
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The  cases  of  the  perturbation  pre-history  have  been  studied  both  for  the 
constant  and  for  the  pulse  acceleration  as  well  as  for  the  case  with  a  constant 
and  pulse  accelerations  acting  simultaneously. 

The  influence  of  the  perturbation  wave  lengths  in  different  directions  on  a 
growth  increment  have  been  studied  in  three-dimensional  cases. 

The  analytical  solutions  obtained  were  verified  by  the  solution  of  a  com¬ 
plete  system  of  conservation  laws  for  compressed  continuum.  The  analytical 
solutions  coincide  with  the  results  of  the  same  calculations  for  thin  layer,  both 
for  liquid  and  elastic,  rather  well.  It  was  demonstrated  by  means  of  numerical 
experiments  that  the  thin  layer  perturbation  growth  regularities  occur  in  a  fi¬ 
nite  thickness  layer  and  in  compressed  semispace  of  both  liquid  and  elactic 

continuum.  , 

The  analitical  solutions  obtained  allow  to  get  a  further  insight  into  the  in¬ 
stability  nature  and  mechanisms  and  prove  to  be  good  tests  for  two- 
dimensional  and  three-dimensional  numerical  techniques  for  calculations  of 
continuum  flows. 

THE  DEVELOPMENT  OF  A  2D  ALE  HYDROCODE 

I.MacDonald 

AWE,  Aldermaston ,  Reading,  RG7  4PR,  UK 

AWE  are  developing  a  3D  Arbitrary  Lagrangian  Eulerian  (ALE)  hy¬ 
drocode.  The  first  stage  has  been  to  extend  to  3D  the  Lagrangian  algorithm 
from  the  AWE  2D  ALE  code  CORVUS  and  to  implement  this  as  the  proto¬ 
type  code  PEGASUS.  The  algorithm  employs  explicitly  integrated,  trilinear 
isoparametric  finite  elements  for  the  spatial  discretisation  and  a  predictor- 
corrector  time  step.  The  prototype  code  has  been  successfully  applied  to  a  wide 
range  of  test  problems. 

A  significant  effort  has  been  made  to  increase  the  efficiency  of  the  algo¬ 
rithm  in  terms  of  both  CPU  and  memory  usage.  CPU  savings  are  possible  by 
assuming  the  mesh  to  be  made  up  of  regions  of  logically  rectangular  mesh.  The 
use  of  1-pt  quadrature  as  opposed  to  explicit  integration  has  been  evaluated 
with  the  conclusion  that  the  reduction  in  CPU  time  is  not  sufficient  to  justify 
the  resulting  degradation  in  solution  quality.  Preliminary  work  has  been  car¬ 
ried  out  on  mesh  adaptivity  as  a  precursor  to  a  full  ALE  capability.  This  paper 
describes  the  current  status  of  the  code  and  presents  recent  results  for  some 
high  explosive  driven  systems. 
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NUMERICAL  SIMULATION  AND  REGULARITIES 
DETERMINATION  OF  SHAPED  CHARGE  METAL  JETS 
DEFORMATION  AND  BREAK-UP 

A.V.Babkin,  S.V.Ladov,  S.V.Fedorov,  V.M.Marinin* 

Bauman  Moscow  State  Technical  University,  * Scientific-Research  Institute 

of  Steel,  Moscow,  Russia 

Results  of  experimental  and  calculated  theoretical  investigations  of  ex¬ 
plosively  formed  metal  jet  stretching  are  presented.  Experimental  study  has 
been  made  by  spark  X-ray  examination,  calculations  have  been  performed  by 
means  of  numerical  modeling  based  on  mechanics  of  continuum. 

Appearance  of  anomaly  high  metal  plasticity  in  case  of  jet  deformation 
and  three  jet  failure  types  existence  volume  (led,  tungsten),  quasi-brittle  (steel), 
plastic  (copper,  nickel,  niobium,  pure  aluminum)  have  been  noted.  For  the 
plastically  breaking  jets  the  presence  of  two  typical  stages  has  been  noted:  the 
first  uniform  deformation  stage,  when  jet  elements  are  holding  near-cylindrical 
shape  (inertia  stage),  and  the  second  necking  stage  accompanied  by  the  forma¬ 
tion  of  many  necks  on  the  jet  and  resulted  in  jet  break-up  into  separate  non¬ 
gradient  elements,  when  necks  reach  null  radius.  For  estimating  the  stretching 
and  break-up  processes  the  coefficients  of  inertia  extension  and  limit  elonga¬ 
tion  n,im  have  been  introduced.  The  other  one  separate  elements  quantity  N  re¬ 
sulted  from  the  break-up  and  its  connected  relative  initial  length  value  Uq  of 

jet  part  formed  single  element  after  break-up. 

A  number  of  physical-mathematical  models  of  different  complexity  levels 
and  appropriate  results  are  presented.  They  describe  the  elements  as  an  axially 
symmetric  rods  stretching  at  the  constant  axial  velocity  difference. 

When  analyzing  shaped  charge  jet  element  as  a  cylindrical  non- 
compressible  plastic  rod  the  character  of  kinematic,  dynamic  parameters  and 
energy  balance  of  stretching  element  has  been  established.  Determination 
range  of  limit  elongation  nHm  has  been  found:  lower  bound  from  the  hypothesis 
of  jet  material  stay  under  the  compression  conditions  in  all  directions,  upper 
bound  from  the  energy  reasons. 
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When  analyzing  jet  element  as  a  cylindrical  compressible  elastic-plastic 
rod  the  existence  of  oscillation  process  has  been  found,  which  hasn’t  been  dis¬ 
cussed  in  the  classical  shaped  charge  theory.  Dependence  of  oscillating  process 
on  jet  parameters  and  its  material  characteristics  have  been  revealed,  condi¬ 
tions  of  oscillation  growth  and  attenuation  have  been  determined. 

The  main  calculation  data  have  been  obtained  when  analyzing  jet  element 
as  an  compressible  elastic-plastic  rod  of  varying  section  and  studying  surface 
disturbances  evaluation  during  the  stretching  process  with  the  plastic  break-up 
modeling.  In  this  case  the  HEMP  method  have  been  used  with  the  computa¬ 
tional  grid  rezoning,  extended  lagrangian  code  opportunities  to  large  deforma¬ 
tions.  Thus  necking  stage  development  features  have  been  revealed,  dealing 
with  the  axial  velocity  redistribution,  deformation  localization  in  neck  and 
non-gradient  parts  formation.  An  approach  to  determination  of  the  quantita¬ 
tive  jet  stretching  and  break-up  characteristics  nL  nlim  U0(N)  is  presented.  The 

above  characteristics  dependencies  of  power  type  on  jet  parameters  and  mate¬ 
rial  properties  (united  by  a  dimensionless  complex  characterizing  inertia  and 
plastic  forces  ratio)  have  resulted  from  calculation  data  approximation  being 
in  a  good  agreement  with  the  available  test  results. 

Possible  explanations  for  remarkably  regular  character  of  relations  cal¬ 
culated  by  a  numerical  model  are  presented.  The  reason  has  to  do  with  dissi¬ 
pating  energy  minimum  principle  during  jet  deformation,  which  determines 
the  transition  from  inertia  to  necking  stage  and  controls  separate  element  for¬ 
mation  of  certain  size,  emerging  in  form  of  “critical  mass  velocity  concept”. 

In  conclusion  there  are  physical  explanations  for  possible  reasons  of 
shaped  charge  jet  behavior  deviation  for  certain  material  from  regularities 
typical  for  plastically  breaking  jets. 

INVESTIGATION  OF  SHEARING  IN  CONTRARY  WAVES 
DURING  THE  HIGH-VELOCITY  PENETRATION 
PROCESSES 

A.K.  Divakov,  V.A.  Ermolaev,  N.I.  Zhigacheva,  Yu.I.  Mescher- 
yakov,  Yu.A.  Petrov,  C.A.Petrochenkov,  M.V.  Cil’nikov 

Institute  of  the  Mechanical  Engineering  Problems  RAS,  Special  Materials 

Ltd,  Saint-Peterburg 

The  main  difficulty  in  studying  the  penetration  processes  is  known  to  be 
a  limited  possibility  for  measuring  the  force  and  deformation  characteristics  of 
dynamic  response  of  target.  As  a  rule,  the  only  what  one  can  measure  is  the 
impactor  velocity.  By  using  the  pulse  X-ray  technique  it  is  also  possible  to 
measure  a  velocity  of  boundary  between  projectile  head  and  non-disturbed  re¬ 
gion  of  target.  However,  space  and  temporal  resolution  in  such  a  kind  of  ex¬ 
periments  is  insufficient  to  study  an  initial  stage  of  penetration  process. 
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At  the  same  time,  investigations  of  dynamic  plasticity  and  strength  in  the 
uniaxial  strain  and  spallation  processes,  which  are  based  on  the  interference 
measurement  of  the  free  surface  velocity  of  plane  target,  allow  a  detail  infor¬ 
mation  on  both  average  free  surface  velocity  profiles  and  micostructure  kinet¬ 
ics  at  the  mesolevel  to  be  inferred  [1 ,2]. 

In  this  relation  it  seems  to  be  attractive  to  develop  such  schemes  ot  dy¬ 
namic  loading  of  plane  target  when,  on  the  one  hand  side,  the  plug  formation 
in  the  target  would  occur  and,  on  the  another  hand  side,  it  would  be  possible 
to  use  the  diagnostic  techniques  used  during  the  uniaxial  strain  and  spallation 
investigations.  In  this  way  in  the  presented  work  we  propose  a  step-like  ge¬ 
ometry  of  the  free  surface  of  target,  when  conditions  for  redoubling  the  shear 
strain  rate  compared  to  commonly  used  elongated  rod  projectile  are  realized. 
In  this  case  the  shear  failure  begins  from  the  free  surface  of  target,  which  al¬ 
lows  the  initial  stage  of  penetration  process  to  be  studied. 

Shock  tests  and  microstructure  investigations  has  been  directed  on  giving 
a  work-out  to  the  optimal  scheme  of  plug  formation  during  the  plane  collision 
of  impactor  and  target.  One  of  important,  if  basic,  criterions  of  similarity  of 
processes  realized  with  commonly  used  technique  of  plug  formation  by  using 
elongated  projectile  and  that  suggested  in  this  work  (shear  in  the  contrary 
waves  on  edge  of  step)  is  thought  to  be  the  similarity  of  microstructure  proc¬ 
esses  flowing  in  the  shear  zone  in  both  cases.  Microstructure  investigations  of 
fracture  zone  patterns  show  that  geometry  of  fracture  depends  on  the  anisot¬ 
ropy  of  material  very  much.  So,  for  the  isotropic  aluminum  alloy  D-16  plug 
formation  is  realized  just  on  the  edge  of  free  surface  step.  As  for  11,-85  armor 
steel  the  shear  zone  has  a  step-like  shape.  Longitudinal  shear  crack  begins  to 
propagate  from  the  rear  surface  of  target.  Then  on  2  mm  depth  it  transits  into 
crack  of  normal  rupture  parallel  to  the  free  surface  of  target.  Such  configura¬ 
tion  is  explained  by  the  high  shear  strength  of  that  material  in  comparison 
with  spall-strength  due  to  high  unisotropy  caused  by  rolling. 

On  the  certain  depth  from  the  free  surface  energy  of  elastic-plastic  wave 
turns  out  to  be  insufficient  for  shearing  but  sufficient  for  spallation.  The  situa¬ 
tion  reminds  the  well-known  Ziner-Stro’s  mechanism  for  crack  nucleation 
owing  to  dislocation  pile-up. 

The  results  of  tests  of  both  isotropic  and  unisotropic  materials  show  that 
proposed  technique  for  shear  strain  initiation  allows  to  perform  the  shear  de¬ 
formation  analogous  that  obtained  during  interaction  of  elongated  impactor 
and  plane  target.  At  the  same  time,  as  distinct  from  the  latter,  plug  formation 
performs  under  twice  smaller  impactor  velocity.  Technique  allows  the  incuba¬ 
tion  stage  of  penetration  process  to  be  explored.  Furthermore,  the  precise  in¬ 
terference  diagnostics  used  for  studying  the  spallationcan  be  readily  applied 
herein. 

1.  Yu. I.  Mescheryakov,  A.K.  Divakov.  Multiscale  kinetics  of  microstructure 

and  strain-rate  dependence  of  materials  Dymat-Journal.  1994,  N°  4,pp. 

2681-2687. 
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2.  Yu.I.  Mescheryakov,  N.A.  Makhutov,  S.A.  Atroshenko.  Micromecha¬ 
nisms  of  dynamic  fracture  of  ductile  high-strength  steel.  Journ.  of  the  me¬ 
chanics  and  Physics  of  Solids.  1 994,  vol.  422,  No  9,  pp.  1 435- 1 467 . 

INVESTIGATION  INTO  DEFORMATION  OCCURRING  AT 
SUPER  DEEP  PENETRATION  OF  POWDER  PARTICLES 
INTO  METAL  MATRIX 

Aleksentseva  S.  E.,  Krivchenko  A.L. 

Samara  State  Technical  University ,  Samara,  Russia 

Treatment  of  metals  by  a  high-speed  particle  flux  formed  by  shock  wave 
results  in  the  effect  of  super  deep  particle  penetration.  With  the  speeds  of 
shooting  being  1.5  to  2  km  per  sec.,  the  particles  penetrate  into  a  metal  matrix 
to  the  depth  of  1000  diameters  of  the  particles  with  the  critical  diameter  100- 
140  micrometers,  the  collision  pressure  being  15  GPa  and  higher. 

The  metal  as  a  dynamic  system  is  in  the  state  of  stability  before  treat¬ 
ment.  When  a  certain  pressure  is  applied  and  the  dynamic  yield  limit  is  over¬ 
come,  the  system  is  subject  to  irreversible  changes.  According  to  the  second 
law  of  thermodynamics  and  the  energy  conservation  law,  the  metal  being  de¬ 
formed  is  a  very  nonequilibrium  thermodynamic  system  in  the  state  of  plastic¬ 
ity.  In  this  case,  entropy  indicates  both  the  process  reversibility  and  the  meas¬ 
ure  of  the  disorder  degree.  When  the  dynamic  yield  limit  is  reached,  the  proc¬ 
esses  are  irreversible  due  to  changes  in  entropy. 

The  matrix  material  and  the  flow  exchange  both  energy  and  matter, 
which  is  testified  by  the  particles  deeply  penetrating  into  the  material.  There¬ 
fore,  interaction  of  a  directed  flow  of  particles  and  metal  matrix  can  be  re¬ 
garded  as  a  common  thermodynamic  system. 

The  effect  of  the  flux  of  high-speed  particles  causes  the  shock  wave  in  the 
matrix  material.  At  a  certain  characteristic  pressure  (pi),  the  material  start  to 
yield  which  is  associated  with  fracture  on  the  impact  adiabatic  curve. 

Under  the  action  of  high-speed  particle  flux,  stresses  in  Cu  and  A1  matri¬ 
ces  exceed  the  yield  limit  above  which  occurs  irreversible  plastic  deformation. 

The  degree  of  deforming  the  metals  considered  in  response  to  pulsing  de¬ 
pending  on  the  matrix  volume  V  can  be  estimated  by  the  formula 

S  =  4/3lnV/V().  With  a  super  deep  particle  penetration,  the  values  of  de¬ 
formation  are  16-21  per  cent. 

The  stress  for  a  super  deep  particle  penetration  can  be  described  by  the 
following  relationship  (7  =  p(  1 -2v)/(l  -  v)  where  p  is  pressure,  V  is 
Puasson  coefficient. 

The  characteristics  of  the  deformed  metal  states  and  the  change  in  en¬ 
tropy  can  be  determined  using  approaches  based  on  the  rheological  model  of 
elastic-tough  plastic  body  with  linear  strengthening,  given  in  “  Structuroobra- 
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zovaniye  pri  plasticheskoy  deformatzii  metallov  Grigoryev  A.K.,  Kolbas- 
nikov  N.G.,  Fomin  S.G.  This  model  describes  the  deformed  metal  with  a  con¬ 
tinuous  spectrum  of  relaxation  times  and  yield  limits  T  . 

The  changes  in  statistical  entropy  from  the  initial  state  are  based  on  the 


definition  of  entropy  by  Landau-Lifschitz 


AS  =  -R  J/(r)  In  /(r)rfr, 


O 


where  R  is  the  universal  gas  constant,  f(f)  IS  the  probability  density  charac¬ 
terizing  the  thermodynamic  system  state  as  a  whole,  and  corresponding  to 
transition  to  the  irreversible  state.  The  value  of  the  nondimensional  yield  limit 
T  shows  the  energy  state'  in  a  local  area. 

When  the  dynamic  yield  limit  is  reached,  there  starts  the  formation  of 
new  structural  levels.  This  area  contains  the  zone  of  super  deep  dynamic  mi¬ 
croalloying.  A  sudden  slope  of  the  entropy  variation  is  consistent  with  and 
supported  by  a  great  number  of  experimental  data  on  avalanche  formation  of 
dislocations  under  impact  and  the  change  of  elastic  stress  field  energies  into 
surface  energy  of  the  newly-formed  intergrain  boundary.  In  response  to  puls¬ 
ing,  the  atomic  interaction  energy  changes.  The  frequency  of  atom  jumps  in 
the  nucleus  is  higher  than  that  in  an  equilibrium  lattice,  which  corresponds  to 
the  increase  in  the  diffusion  coefficient. 

The  change  in  entropy  can  account  for  the  reason  why  no  super  deep 
penetration  occurs  in  case  the  matrix  is  bombarded  with  single  particles,  since 
when  a  metal  matrix  is  bombarded  by  a  single  particle,  its  behavior  corre¬ 
sponds  to  the  area,  where  metal  is  in  equilibrium  state  and  has  elastic  stress 
field  energy. 

Thus,  considering  the  critical  conditions  of  a  super  deep  penetration 
process,  it  has  been  found  out  that  a  metal  matrix  experiences,  according  to 
the  value  of  strain,  a  complex  of  states  and  a  change  in  thermodynamic  poten¬ 
tial.  A  super  deep  penetration  is  a  system  process  of  energy  and  matter  ex¬ 
change  due  to  mature  instability  in  the  material  caused  by  high-speed  particle 
impact. 


THERMODYNAMIC  CALCULATION  OF  PHASE 
DIAGRAM  OF  SMALL  CARBON  CLUSTERS 

S.B.Victorov,  S.A.Gubin,  I.V.Maklashova 

Moscow  State  Engineering  Physics  Institute  (Technical  University),  Russia 

Condensed  carbon  in  form  of  graphite  or  diamond  nanoparticles  is  a 
major  detonation  product  of  many  high  explosives  (HE).  Small  carbon  clus¬ 
ters  often  present  in  combustion  and  explosion  products  of  fuels  and  HE. 
Carbon  nanoparticles  are  used  as  an  initial  material  in  some  technological 
processes. 
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The  regions  of  phase  stability  and  synthesis  conditions  of  carbon  nano¬ 
particles  are  little  investigated.  While  the  phase  diagram  of  non-disperse  car¬ 
bon  is  well  established  even  at  high  pressures  and  high  temperatures,  re¬ 
searches  devoted  to  properties  of  small  carbon  clusters  almost  are  not  present. 

At  the  same  time  the  knowledge  of  carbon  nanoparticles  phase  state  and 
of  their  thermodynamic  properties  is  important  for  understanding  of  processes 
proceeding  at  combustion,  explosion  and  detonation,  as  well  as  for  calcula¬ 
tions  of  technological  processes  using  these  substances. 

In  this  work  it  is  supposed,  that  the  sizes  of  crystals  are  not  small  so,  that 
a  qualitative  state  (internal  structure)  of  substance  has  appreciably  changed. 
Therefore,  we  consider  that  the  structure,  lattice  parameters,  bond  energies 
and  heat  capacity  of  small  clusters  are  equal  to  corresponding  parameters  of 
non-disperse  crystals. 

The  distinction  consists  only  of  high  surface  energy  of  nanoparticles,  that 
causes  respective  changes  of  enthalpy  and  entropy  of  substance.  It  is  supposed, 
that  the  surface  energy  linearly  depends  on  temperature  and  does  not  depend 
on  pressure.  Such  assumption  is  convenient  for  carbon  particles  with  number 
of  atoms  more  than  thousand  and  size  above  10  nm. 

Within  the  framework  of  offered  model  changes  of  enthalpy  and  entropy 
of  crystal  substance  caused  by  its  nanoparticle  state  do  not  depend  on  tem¬ 
perature  and  pressure,  and  are  defined  only  by  shape  and  size  of  crystals. 
Thus,  the  effect  of  structure  and  size  of  clusters  on  the  thermodynamics  of 
carbon  particles  can  be  described  by  correction  of  the  standard-state  heat  of 
formation  and  entropy  of  carbon  phases.  The  corrections  to  the  heat  of  forma¬ 
tion  and  entropy  depend  on  shape  and  size  of  crystals. 

We  have  obtained  the  equations  of  state  (EOS)  for  non-disperse  graphite, 
diamond  and  liquid  phase  of  carbon  with  the  Griineisen  gamma  depending  on 
specific  volume  only.  All  available  experimental  data  on  thermal  expansion, 
heat  capacity,  shock-wave  and  static  compression  have  been  used  to  determine 
the  best  EOS  parameters.  These  EOS  have  been  applied  to  calculate  a  phase 
diagram  of  non-disperse  carbon  in  a  wide  range  of  pressures  and  temperatures. 
The  computed  phase  equilibrium  lines  and  parameters  of  the  triple  points  fit 
available  experimental  data  and  theoretical  calculations. 

The  corrections  for  the  standard-state  heat  of  formation  and  entropy  of 
carbon  nanoparticles  have  been  determined  as  dependencies  on  shape  and  size 
of  crystals.  To  compute  phase  diagram  of  small  carbon  clusters  we  used  the 
EOS  obtained  for  non-disperse  phases  of  carbon,  and  the  chemical  potentials 
for  carbon  nanoparticles  were  calculated  with  corresponding  corrections  for 
the  heat  of  formation  and  entropy. 

The  phase  diagrams  of  small  carbon  clusters  have  been  computed  for  dif¬ 
ferent  shapes  and  sizes  of  the  crystals.  Each  kind  of  carbon  clusters  (i.e.  each 
shape  and  size  of  crystals)  yields  the  own  phase  diagram.  At  given  compact  (a 
regular  hexagonal  prism)  and  thermodynamic  favourable  (an  octahedron  for 
diamond  and  a  film  for  graphite)  shapes  of  solid  carbon  crystals  the  pressure 
of  graphite-diamond  equilibrium  grows  at  reduction  of  the  size  of  particles. 
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Experimental  data  on  synthesis  of  diamond  nanoparticles  by  means  of  explo¬ 
sion  also  indicate  to  increase  of  the  pressure  of  solid  carbon  phase  coexistence 
with  reduction  of  the  crystal  sizes.  The  sizes  of  carbon  clusters  affect  to  pa¬ 
rameters  of  the  graphite-diamond-liquid  and  the  graphite-liquid-gas  triple 
points:  the  pressure  of  phase  coexistence  increases,  and  the  temperature  de¬ 
creases  at  reduction  of  the  cluster  size. 

It  was  thus  shown,  that  thermodynamic  properties  of  nanoparticle  differ 
from  ones  of  the  same  non-disperse  substance.  The  effect  of  crystal  sizes  causes 
displacement  of  phase  equilibrium  lines,  change  of  melting  temperature  and  of 
other  characteristics  of  the  substance.  The  offered  model  allows  the  use  of 
known  EOS  and  chemical  potential  of  non-disperse  substance  to  predict  ther¬ 
modynamic  properties  of  nanoparticles  of  this  substance. 


STOCHASTIC  MODEL  FOR  SHOCK-INDUCED  GROWTH 
OF  CRYSTAL  MESOSYSTEMS  IN  THE  CONDENSED 
ENVIRONMENTS 


E.E.  Lin 

Russian  Federal  Nuclear  Center  -  All-Russia  Research  Institute  of  Experi¬ 
mental  Physics,  Sarov  (Arzamas- 16),  Russia 


The  report  concerns  a  problem  of  growth  of  mesosystems  in  shock  waves 
(SW)  in  the  condensed  environments  containing  crystal  nanostructures.  To  de¬ 
scribe  such  processes  the  author  proposes  stochastic  model  based  on  represen¬ 
tations  about  phonon  excitations  of  objects  under  consideration.  The  ad¬ 
vanced  earlier  concept  [1]  of  distribution  density  wave  in  space  of  the  sizes  of 
objects  is  applied  to  study  the  kinetics  of  shock-induced  synthesis  of  crystals 

from  nanostructures.  The  evolution  of  mean  size  ( Q )  of  object  in  time  t  is 


described  by  the  self-similar  laws,  which  define  the  bottom  limit  of  complexity 
for  macroscopic  bodies  achieved  in  a  course  of  shock-induced  growth  of  crys¬ 
tal  mesosystems: 
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2  kT 


Here  /7  is  the  concentration  of  atoms  in  crystalline  lattice,  Ew  ,  Eq  - 
energies  of  the  nucleus  of  crystal  structure  in  cluster  volume  and  in  the  envi¬ 
ronment  respectively,  T  -  the  environment  temperature. 

The  received  self-similar  laws  are  applied  to  the  description  of  synthesis 
of  diamonds  as  in  a  detonation  wave  in  solid  high  explosives,  and  in  SW  in 
porous  medium  consisting  from  carbon  nanostructures. 
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We  evaluate  critical  mean  cluster  size,  starting  from  which  nanodiamond 
can  be  considered  as  macroscopic  particle,  as  (^)+  ~  2-10  9m.  Such  cluster 

contains  ~§a(Ja0J  *  T  nuclei  (d0  is  the  size  of  carbon  framework  of  cy- 

clohexan,  which  is  considered  as  a  nucleus  of  diamond  structure),  i.e.  ap¬ 
proximately  2000  carbons.  The  formation  time  for  such  particle  has  been 

evaluated  as  f*  ~  4  •  10'10  s.  We  can  conclude  that  the  lower  limit  of  com¬ 
plexity  for  macroscopic  diamond-type  particle  has  been  reached  already  in  the 
shock  front  in  organic  matter.  We  note  that  the  above  obtained  evaluation  for 

)a{w  coincides  with  the  lowest  fixed  size  of  nanodiamonds,  synthesized  within 

detonation  wave.  ,  .  , 

We  deduce  the  following  law  of  crystal  growth  in  the  course  of  its  inter¬ 
actions  with  nanoclusters  having  crystalline  lattices. 

TMjA  ,2/5 

8  nAmun ; 

Here  k ,  Op  are  Boltzman  constant  and  Debye  temperature  of  crystal 

respectively,  A ,  Jflu  -  atomic  weigh  and  atomic  unit  of  mass  respectively.  We 

deduce  also  the  following  law  for  growth  of  crystalline  particles  in  the  course 
of  their  vibrational  interaction  between  each  other: 

\  1/6 

2Tlk0p  ^1/3 

2-6 1,3  AmunA,i ) 

On  the  basis  of  these  expressions  we  describe  the  experiments  on  dynamic 
loading  of  porous  samples  from  nanodiamonds  and  predict  the  conditions  for 
making  comparatively  large  diamond  crystals  in  the  metastable  environment. 

1.  Lin,  Abstracts  of  International  Workshop  "  New  Models  and  Numerical 
Codes  For  Shock  Wave  Processes  In  Condensed  Media  ",  St.  Peterburg, 
Russia,  October  9-13,  1995,  p.  23. 
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RESEARCH  OF  THERMODYNAMIC  PROPERTIES  OF 
DETONATED  NANODIAMONDS  AND  POWDERS, 
RECEIVED  BY  THEIR  DYNAMIC  COMPACTING. 

A.N.  Malyshev,  E.E.  Lin,  S.A.  Novikov,  M.A.  Pavlovskaya,  V.I. 
Sukharenko,  *K.B.Zhogova,  *  B.V.  Lebedev 

Russian  federal  nuclear  centre  -  All-Russia  research  institute  of  experi¬ 
mental  physics,  Sarov,  * Research  institute  of  chemistry  in  Nizhniy 
Novgorod  state  university,  Nizhni  Novgorod,  Russia 

The  element  structure  of  a  crystal  lattice  and  thermodynamic  properties  of 
detonated  nanodiamonds  with  the  sizes  from  2-109m  up  to  210-8m,  received 
in  [1],  and  also  powders  with  the  average  size  of  particles  ~  10  6  m  and  ~  10  5  m, 
received  are  researched  by  dynamic  nanodiamonds  compacting  on  a  way  [2].  The 
element  structure  of  a  lattice,  determined  with  the  help  of  the  element-organical 
analysis  has  made:  C  [86,91%],  N  [1,92%],  H  [0,78  %],  0[9,2%],  that  corre¬ 
sponds  to  the  data  [3].  The  specific  heat  of  researched  materials  is  determined  by 
a  method  of  adiobatic  vacuum  calorimeter  in  a  range  of  temperatures  from  100 
up  to  300  K.  The  experimental  data  of  specific  heat,  and  also  the  data  on  per¬ 
centage  in  a  lattice  of  atoms  of  carbon,  nitrogen,  hydrogen  and  oxygen,  are  used 
for  account  of  thermodynamic  functions:  enthalpy  of  heat,  entropy  and  Gibbs 
function.  The  received  data  of  thermodynamic  potentials  are  compared  to  the 
tabulared  data  for  natural  diamond  (Fig.  1). 


Fig.l .  Specific  heat: 

1  -  Graphite; 

2  -  Micropowder  with  the  average  size  of  a  particle  ~  1 ,8*  10  5  m; 

3  -  Detonated  nanodiamonds; 

4  -  Natural  diamond. 
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INVESTIGATIONS  OF  PROPERTIES  OF 
SEMICONDUCTOR  MATERIALS  FROM 
NANODIAMONDS 

E.E.  Lin,  S.A.  Novikov,  V.I.  Sukharenko,  A.  I.  Vasilieva,  *V.D. 
Blank,  *G.A.  Dubitskii,  **K.B.  Zhogova,  **B.V.  Lebedev 

Russian  federal  nuclear  center  -  All-Russia  research  institute  of  experi¬ 
mental  physics,  Sarov,  * Federal  scientific  and  technical  center  "  Super- 
hard  materials  ",  Troitsk,  Moscow  region,  **  Research  institute  of  chemis¬ 
try  in  Nizhni  Novgorod  State  University,  Nizhni  Novgorod,  Russia 

The  paper  presents  results  of  investigations  of  crystal  structure,  electrical, 
thermal,  optical,  and  also  mechanical  properties  of  semiconductor  materials 
from  nanodiamons  influenced  by  high  dynamic  and  static  pressures  with  the 
help  of  methods  [1,2].  Electron  diffraction  patterns  of  nanodiamonds,  doped 
in  a  detonation  wave  by  electrical  active  impurities,  testify  to  structural 
changes  in  a  crystal  lattice.  Composition  of  doping  impurities  is  determined  on 
the  data  of  mass-spectroscopy.  The  obtained  mass-spectra  of  doped  nanodia¬ 
monds  show  presence  of  impurity  either  from  boron  or  from  lithium.  The  op¬ 
tical  characteristics  of  researched  materials,  in  particular,  absorption  edge,  are 
studied  by  method  of  Raman  spectroscopy.  Specific  heats  of  doped  and  un¬ 
doped  nanodiamonds,  determined  by  the  method  of  adiabatic  vacuum  calo¬ 
rimetry,  are  compared  with  the  data  for  natural  diamond.  It  has  been  estab¬ 
lished  that  in  temperature  range  from  100  K  to  300  K  the  specific  heat  of 
doped  sample  differs  from  specific  heat  both  of  undoped  one  and  of  natural 
diamond.  The  temperature  dependence  of  electrical  resistance  of  samples  in 
the  range  T-  298  h-  873  K  shows  that  the  energy  E*  of  conductivity  activation 
of  researched  compounds  corresponds  to  the  well-known  data  for  doped  dia¬ 
monds.  Thus,  the  sample,  doped  by  boron  and  aluminium  simultaneously,  has 
the  value  E u  ~  0.14  eV  at  temperatures  from  373  K  to  873  K.  Under  subse¬ 
quent  cooling  of  the  sample  the  activation  energy  increases  approximately  by 
factor  of  2  in  the  range  T  =  873  -s-  523  K  and  then  decreases  by  jump  up  to  0. 1 8 
eV  in  the  range  T  =  523  +  373  K.  The  hardness  and  mechanical  durability  of 
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semiconductor  compact  samples  correspond  to  the  data  for  technical  dia¬ 
monds. 

1.  E.E.  Lin,  G.A.  Dubitskii,  T.V.  Zyul'kova,  V.A.  Mazanov,  A.V.  Sirenko, 
and  V.I.  Sukharenko  //  Chem.  Phys.  Reports,  1997,  Vol.  16(3),  p.  555. 

2.  E.E.  Lin,  S.A.  Novikov,  V.I.  Sukharenko,  V.D.  Blank,  G.A.  Dubitskiy  // 
Abstracts  of  International  Conference  SHOCK  WA  VES  IN  CONDENSED 
MATTER,  St.  Peterburg,  Russia,  September  2-6,  1996,  p.  1 19. 

3KCIIEPHMEHT  A  JIBHOE  HCCJIE/JOBAHHE 
XHMHHECKOrO  B3AHMOflEHCTBHfl  nPH  Y^APHOM 
OKATHH  B  CHCTEMAX  C  r A300EP  A30BAHHEM. 

A.B.  Aiiaiii.iin,  O.H.  EpeycoB,  B.H.  Apo6biiueB,  C.A.  KojiayHOB, 

B.O.TauHH 

HHcmumym  npodneM  ximmecKou  (pu3UKU  PAH, 
n.  HepnoaoJioeKa  Mockobckou  o6ji 

J\nn  xhmhh  yztapHbix  bojih  ocobbiu  HHTepec  MoryT  Bbi3biBaTb  obbeKTbi, 
pe3yjibTaT0M  y^apHoro  c>KaTHa  KOTopbix  HBJiaeTca  3K30TepMHnecKoe 
npeBpameHHe  c  ra3oo6pa30BaHweM,  T.e.  npeBpamenne,  conpoBoacflaiomeeca 
3aMeTHbiM  (KOHenHbiM)  H3MeHeHHeM  obbeMa.  B  paboTe  HCCJieAOBajiacb 
B03M0)KH0CTb  XHMHMeCKOrO  B3aHMOfleHCTBH»  B  CMeCH  XJlOpHfla  aMMOHMfl  W 
HHTpnra  HaTpna  b  ycjiOBuax,  HenocpeacTBeHHO  peajiH3yeMbix  3a  (JjpoHTOM 
yztapHoro  OKaTHfl.  IlpeABapHTejibHO  bbmo  H3yueHO  noBe^eHHe  3toh  CHCTeMbi 
b  npouecce  HarpeBaHHH  npn  aTMOC^epHOM  AaBjieHHH  MeTOAaMH  vinKpo-^TA 
n  peHTreHO(J)a30Boro  aHajiH3a.  IloKa3aHO,  hto  peaKijHH  mojkct  npoTexaTb  b 
3aBHCHMOCTM  ot  CKOpocm  HarpeBaHHa  KaK  >KH^Ko4)a3HbiM  nyTeM,  TaK  H 
ra30(|)a3HbiM  c  obpa30BaHHeM  HenpepbiBno  pa3Jiaraiomeroca  HHTpHTa 
aMMOHHfl.  KoHeHHbIMH  npOflyKTaMH  peaKUHH  aBJiaiOTCa  XJlOpHfl  HaTpHH, 
ra30obpa3HbiH  a30T  h  BO,na.  IlpoTeKaHHe  peaKijHH  cymecTBeHHO  3aBHcm  ot 
CTexHOMeTpHHHocTH  CMecH,  pa3Mepa  nacTHu,  cnocoba  CMemeHua  h 
BJia^CHOCTH  HCXOAHbIX  KOMnOHCHTOB.  3t0  npHHHMaHOCb  BO  BHHMaHHe  npH 
no^roTOBKe  obpa3UOB,  npoBe^eHHH  h  aHajirne  pe3yjibTaTOB 
ra3o^HHaMHHecKoro  3KcnepHMeHTa. 

B  KanecTBe  ocHOBHoro  MeTo^a  wccjieflOBaHHH  bbui  wcnojib30BaH  mctoa 
TopMO>KeHHfl  rpaHHMbi  pa3AeJia  (TFP).  CyTb  Memaa  TrP  coctoht  b 
perncTpaitHH  aneKTpoMarHHTHbiM  AaTHHKOM  TOpMoaceHna  rpaHHijbi  pa3Aejia 
HHepTHoe  BemecTBO  -  HCCJieAyeMoe  BemecTBO,  obycjiOBJieHHoro 
npeBpameHHeM  (3HeproBbi,nejieHHeM)  b  cnoe  yAapHo-cxcaToro  BeiyecTBa, 
HenocpeztCTBeHHO  npHMbiKaiomero  k  3toh  rpaHHne.  OcumuiorpaMMa  flaeT 
B03M0)KH0CTb  onpeAejiHTb  MOMeHT  Hanajia  3TOro  TopMOKeuna  nocne  Bxozta 
4)poHTa  yAapHon  BOJiHbi  h  H3MeHeHHe  ero  bo  BpeMeHH,  onpeAenaeMoe 
OTKJiOHeHneM  npo(})HJifl  ABHXceHHa  rpaHHqbi  pa3Aena  ot  3aAaHHoro  hcxoahmm 
B03AencTBHeM  npHMoyrojibHoro,  KOTOpbiii  perHCTpnpoBajica  bbi  b  HHepTHoii 
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cpeae.  IIo  aMnjiHTyAaM  yaapHbix  bojth  oxBaneH  flwana30H  aaBJieHHH  0,9  -  10,8 
ma.  BpeMa  HaxowfleHHa  BemecTBa  b  hcxoahom  yaapHO-OKaTOM  coctohhhh  h 
nojiyHeHHH  coOTBeTCTByiomeH  HH^opMaijHH  ^ocTHrano  5  mkc.  Eojibinaa 
nacTb  onbiTOB  BbinojiHeHa  c  o6pa3uaMH  H3  3kbhmojihphoh 
nopouiKOo6pa3HOH  cmcch  c  pa3MepoM  3epeH  He  6ojiee  50  mkm  npH  hjiothocth 
0.67  t/cm3. 

ra30^HHaMHHecKHH  a^eKT,  onpeaejieHHO  cBHfleTejibCTByiomHH  o 
xHMHnecKOM  3HeproBbmejieHHH  b  H3yHaeMOH  cHCTeMe,  HaSjuo/iajica  Ha 
HH>KHeH  rpaHwqe  HCCjieayeMoro  AHana30Ha.  (KocBeHHbiM  noflTBep^eHHeM 
3HeproBbiAeJieHHS  3a  (Jjpohtom  y^apHOH  bouhw  ABJunoTca  TaK>Ke  pe3yjibTaTbi 
HauiHX  3KcnepHMeHTOB,  B  KOTopbix  3aperHCTpnpoBaH  MeHbUJHH  TeMn 
CHH^CeHHfl  napaMeTpOB  (jjpOHTa  B  HCCJieflyeMOH  XHMHHCCKH  aKTHBHOH  CpeAC 
no  rjiyOHHe  no  cpaBHeHHio  c  pacnpocTpaHeHHeM  BOJiHbi  b  HHepTHOM 
BemecTBe). 

npH  o6cy>KfleHHH  nojiyneHHbix  pe3yjibTaTOB  npeflCTaBJiaeTca 
uejiecoo6pa3HbiM  npOBecTH  conocTaBJieHHa  c  HeKOTopbiMH  AaHHbiMH, 
H3BecTHbiMH  HHTpaxa  aMMOHHa  (HA)  KaK  BemecTBa,  HanSoiiee  6jiH3Koro 
k  KOMnoHeHTaM  HCCJieflyeMOH  cMecH  no  xhmhhcckoh  npnpo^e,  ajieMeHTHOMV 
cocTaBy,  cocTaBy  npo.ayKTOB  h  3HepreTHKe  npeBpameHHA.  B  aHaJiorHHHbix 
ycjiOBHax  HarpyaceHHH  b  HA  npoTeKaeT  ropa3^o  6oJiee  HHTeHCHBHoe 
npeBpameHHe.  3to  o6cTO«TejibCTBO  mo>kho  cBioaTb  c  flByMH  npHHHHaMH.  Bo- 
nepBbix,  o6-beM  ra30o6pa3Hbix  npo^yKTOB,  oTBenaiomHH  MaKCHMaubHOMy 
TenaoBbijiejieHHK)  b  HA,  3aMeTHO  6ojibiue.  Bo-BTopbix,  cymecTBeHHbiM 
OTJiHHHeM  HBJiaeTCJi  TOT  (j)aKT,  hto  3JieMeHTbi,  BCTynaioiUHe  B  peaKHHK)  c 
nojiojKHTejibHbiM  TenjioBbiM  3(})(j)eKTOM,  HaxoAHTCH  B  npe^enax  o^hoh 
MOJieKyjibi.  B  3TOM  cjiynae  ,zjH(j)(j)y3HOHHbie  3aTpyflHeHHa,  HMeiomne,  b 
npHHMHne,  TeH^eHUMK)  k  B03pacTaHHio  c  AaBJieHHeM,  cKa3biBaiOTca  b 
MeHbiiieH  cTeneHH  no  cpaBHeHHio  c  AencTBHeM  stoto  $aKTopa  npH 
XHMHHecKHx  npespameHHax  b  MexaHHnecKHX  CMecax.  He  HCKjnoneHO,  hto 
OTcyTCTBHe  3aMeTHoro  3(J)(})eKTa  topmokchhh  b  HccjieflyeMOH  CMecn,  yaapHO 
c>KaTOH  jxo  jiaBJieHHH  6ojiee  1.5  ma,  CBinaHO  hmchho  c  sthmh 
o6cTO«TejibCTBaMH.  BbiacHeHHe  3Thx  BonpocoB  Tpe6yeT  flaJibHeHLUHx 
HCCJie^OBaHHH. 

Pa6oTa  BbinojiHeHa  npn  no,zmep>KKe  PoccHHCKoro  (J)OH/ia 
(JiyHflaMeHTajibHbix  HCCueflOBaHHH  (rpaHT  No  96-03-3424 la). 
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INVESTIGATION  OF  ROLE  OF  CONCENTRATION 
INHOMOGENEITY  OF  POWDER  MIXTURE  IN  THE 
INITIATION  OF  “SHOCK-INDUCED”  CHEMICAL 

REACTION 

Leitsin  V.N.,  Skripnyak  V.A.,  Dmitrieva  M.A. 

Tomsk  State  University .  Tomsk,  Russia 


The  industrial  application  of  technologies  of  synthesis  mtermetalhc  com¬ 
pounds  with  use  of  shock  loading  is  restrained  by  weak  study  of  base  high-rate 
mechano-chemical  processes.  The  research  of  these  processes  is  possible  with 
the  help  of  computer  simulation.  Thus  the  adequacy  to  physical-mathematical 

model  has  essentially  important  meaning.  ,  .  ,  .... 

The  main  aim  of  the  work  is  development  of  thermo-mechanical  initia¬ 
tion  model  of  chemical  reactions  under  deformation  of  powders  mixtures  as  Ti 

-  Al,  Ni  -  A1  and  etc.  .  ,  .  .  . 

Conditions  of  initiation  of  "shock-induced"  chemical  reactions  are  stud¬ 
ied  bv  the  computer  simulation  method.  It  is  assumed  the  pulse  loading  is  ap¬ 
plied  to  liquid  phase  before  front  of  chemical  reaction  in  porous  powders  mix¬ 
ture  In  result  this  liquid  phase  penetrates  deep  into  porous  mixture  providing 
convective  heat  transfer  and  volumetric  mode  of  chemical  transformations. 
Simultaneously  to  it  in  powders  mixture  there  is  the  plastic  deformation  ot 
solid  aluminium  powder  grains,  at  the  expense  of  that  a  surface  ot  interaction 
of  reacting  materials  is  increased.  Temperature  in  the  reacting  layer  is  in¬ 
creased  at  the  expense  of  plastic  deformation  energy  and  emission  of  heat  at 
exothermic  reactions  of  intermetallic  compound  synthesis  Mechanical  loading 
provides  non-  diffusion  transfer  of  components  and  products  of  reaction  and 

acceleration  of  process  of  homogenisation.  ,  . 

The  influence  of  concentration  inhomogeneity  of  powder  mixture  on 
conditions  of  initiation  and  kinetics  of  chemical  transformations  is  discussed 
in  the  frameworks  of  developed  model.  The  concentration  inhomogeneity  is 
caused  by  local  redundancy  of  the  contents  a  component  in  relation  to  the  av¬ 
erage  volume  concentration  and  is  caused  by  peculiarities  of  preparation  ot 

miXtUIte  is  considered  the  case,  when  these  concentration  inhomogeneity  in 
macro-scale  homogeneous  mixture  will  form  the  spatial  substructure.  The  pa¬ 
rameters  of  spatial  substructure  define  a  mode  of  propagation  of  chemical 

transformation  (stationary,  pulsing,  spin).  . 

The  mathematical  model  of  chemical  reactions  initiation  includes  crite¬ 
rion,  two-temperature  equations  of  heat  transfer  and  kinetic  equation  of 
chemical  transformations.  In  the  equations  the  heat  transfer  are  taken  into  ac¬ 
count  the  presence  of  heat  sources,  skeleton's  heat  transfer  and  volumetric 
convection  heat  exchange  between  a  liquid  phase  and  porous  skeleton. 
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Computer  simulation  of  processes,  occurring  in  reacting  layer  at  shock 
compression  showed:  1)  The  reaction  of  synthesis  of  intermetallic  compounds 
in  systems  Ni-AI.  Ti-Al  can  be  initiated  behind  the  front  of  shock  wave  and 
can  be  "self-assisted" ;2)The  speed  of  propagation  of  front  of  chemical  trans¬ 
formations  is  defined  by  a  degree  and  parameters  of  spatial  concentration  in¬ 
homogeneity  of  powders  mixture;  3)  Necessary  conditions  for  initiation  of  " 
shock-induced"  chemical  reactions  includes  the  presence  of  non-zero  porosity 
and  certain  initial  temperature  of  a  mixture.  It  is  essential,  that  reduction  of 
porosity  and  degree  of  concentration  inhomogeneity  of  powder  mixture  can 
lead  to  changing  of  a  mode  of  reaction  and  down  to  complete  its  prohibition. 

INVESTIGATION  OF  PROCESSES  OF  MASS  TRANSFER 
AND  EXCITATION  OF  ELASTIC  FLUCTUATIONS  IN  ME¬ 
TALLIC  PLATES  UNDER  THE  LAZER  HEATSTROKE. 

Parkin  A.A.,  Zhatkin  S.S. 

Samara  State  Technical  University,  Russia 

Processes  of  intensive  external  influence  on  condensed  media  (lazer  or 
beam  influence,  explosion,  etc.)  are  of  interest  as  they  allow  to  study  the  con¬ 
duct  of  the  latter  in  a  strongly  non-equilibrium  condition.  Herewith  a  highly 
velocity  heating  or  deformations  in  the  system  may  cause  such  insufficiently 
studied  processes  as  anomalous  mass  transfer,  generation  of  shock  waves  and 
elastic  fluctuations,  influencing  structural-phase  conversions  in  the  material 
and  its  performance  characteristics.  In  the  given  work  the  influence  of  inten¬ 
sive  heatstroke  on  mass  transfer  of  alloying  elements  in  metallic  plates  and  ex¬ 
citation  in  them  of  elastic  fluctuations  under  the  pulsed  lazer  influence  were 
investigated. 

In  these  studies  was  used  titanium  alloy  OT4-1M  in  the  form  of  massive 
samples  and  fine  plates  0.5  mm  thick  of  different  length,  which  were  processed 
on  lazer  installation  GOS-1001  with  a  pulse  duration  1.4  ms  in  argon  medium. 
Heating  of  material  and  deforming  of  the  plates  were  checked  by  specially 
made  optical  pyrometers  and  vortex  current  sensor,  which  signals  were  written 
on  the  memory  oscilloscope  [1].  Before  processing  a  plate  was  fastened  cantile¬ 
vered  in  a  special  frame,  and  its  free  unprocessed  end  was  placed  near  vortex 
current  sensor.  Distribution  of  A1  and  Mn  in  samples  in  different  depths  of  in¬ 
fluence  area  was  researched  by  the  microanalyser  “Superprob-733”.  Metallo- 
graphic  investigations  were  conducted  on  the  transversal  microscopic  sections 
in  the  processing  depth. 

As  a  result  of  investigations  it  is  established  that  after  lazer  processing  a 
marked  laminated  structure  with  different  contents  of  alloying  elements  in 
each  layer  is  formed  in  the  depth  of  a  plate.  Laminated  structure  is  stipulated 
by  the  heating  of  each  layer  till  the  different  temperature  in  the  process  of  in¬ 
fluence,  as  according  to  measurements  the  maximum  value  of  the  temperature 
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on  the  irradiated  surface  of  the  plate  made  2300  K,  while  on  the  rear  surface 
the  temperature  did  not  exceed  800  K.  In  distribution  of  alloying  elements 
there  was  discovered  their  marked  segregation  with  maximum  of  A1  concentra¬ 
tion  in  the  melting  area  (MA)  (2,48%)  and  maximum  of  Mn  concentration  at 
the  rear  surface  of  the  plate  (1,54  %)  and  their  average  values  in  unprocessed 
material  2,3  ±  0.03%  and  1,35  ±  0,03%  accordingly.  In  the  area  of  thermal  in¬ 
fluence  (ATI)  there  was  noted  the  lowest  total  contents  of  the  given  elements. 
Besides,  according  to  the  data  of  the  vortex  current  sensor,  because  of  heat¬ 
stroke  in  the  plate  there  were  intensive  deformation  processes,  which  caused  its 
sagging  relative  to  the  sensor.  At  the  same  time,  dynamic  sagging  maximum 
was  observed  at  the  moment  of  the  heat  front  reaching  the  rear  surface  of  the 

plate.  , 

When  processing  the  massive  samples  of  the  alloy  OT4-1M  similar  redis¬ 
tribution  of  elements  was  not  discovered.  Joint  analysis  of  processes  of  heating 
and  deforming  the  plate,  as  well  as  absence  of  the  given  effect  on  massive  sam¬ 
ples  points  to  the  marked  influence  of  intensive  deformations  on  diffusion 
processes,  running  in  it  under  laser  radiation.  Appearing  in  the  process  of  ex¬ 
ternal  influence,  voltages  and  deformations  create  concentration  currents, 
causing  the  phenomenon  of  ascending  diffusion,  bringing  about  the  secondary 
segregation,  that  is  to  inhomogeneous  distribution  of  the  components  [2]. 
“Ascending”  diffusion  and  removing  the  voltages  under  intensive  deforming 
occurs  quicker,  than  usual  diffusion  under  the  same  temperatures. 

In  a  number  of  cases  intensive  deforming  of  the  plate  under  the  lazer 
heatstroke  was  accompanied  by  excitation  in  it  of  elastic  fluctuations,  regis¬ 
tered  by  the  vortex  current  sensor,  which  frequency  fell  with  the  increase  of  the 
length  of  the  plate,  and  their  amplitude  increased  with  the  growing  of  intensity 
of  influence.  Herewith  it  was  ascertained  that  fluctuations  were  aroused  in  the 
period  of  the  most  dynamic  sagging  of  the  plate  and  had  a  thermoelastic  na¬ 
ture. 

1 .  Bekrenev  A.  N.,  Zhatkin  S.S.,  Parkin  A.  A.  Investigation  of  the  dynamics 
of  the  heating  of  metals  under  pulsed  lazer  influence.//FHOM.  1994.  N6. 
P.26-31. 

2.  Herzriken  S.  D.,  Dekhtyar  I.  Ya.  Diffusion  in  metals  and  alloys  in  the 
hard  phase.  M.:  Izd-vo  fiziko-matematicheskoi  literatury.  1960.  564  p. 
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ALUMINUM  FORMING  BY  LOW  DENSE  EMULSION 

EXPLOSIVES 

J.  Campos,  I.  Plaksin,  J.  Gois,  J.  Ribeiro,  R.  Mendes  and  D.  Pin- 

heiro, 

Detonics,  Mechanical  Eng.  Department 

Fac.  of  Sciences  and  Technology,  University  of  Coimbra, 

3030  COIMBRA,  Portugal 

Many  studies  show  the  main  influence  of  ductility  and  toughness  of  met¬ 
als  in  explosive  forming.  The  elongation,  measured  by  axial  testing,  must  not 
be  exceeded  during  explosive  forming  or  the  part  will  fail.  This  criteria  shows 
aluminium  and  cooper  to  be  the  most  adaptive  materials. 

The  ideal  explosive  forming  system  must  combine  simplicity  and  low  cost 
of  operations  without  changing  of  formed  material  structure  or  without 
needing  any  supplementary  thermal  operation  of  treatment.  The  dieless  form¬ 
ing  has  been  chosen,  with  aluminum  forming  in  open  die  with  water  as  explo¬ 
sive  media  for  shock  transmission  between  the  explosive  and  metal  plate.  The 
analysis  of  final  shapes  in  free  forming  gives  the  influence  of  stand-off  distance 
in  this  process,  but  needs  special  hold  down  rings  and  clamps  to  fix  the  formed 
plates.  A  previous  work  shows  limits  of  this  kind  of  forming.  In  order  to  avoid 
any  ring  or  clamp  it  has  been  chosen  to  study  a  cylindrical  configuration,  with 
a  cylindrical  explosive  charge  in  axis,  with  a  diameter  of  25  mm  and  an  alu¬ 
minium  tube  of  diameters  between  60  mm  and  100  mm.  The  media  between 
the  explosive  and  the  aluminium  tube  is  always  water. 

The  selected  explosive  is  an  emulsion  aqueous  solution,  10%  (in  mass)  of 
water,  of  ammonium  and  sodium  nitrates,  respectively  72  and  10%,  emulsified 
with  oils,  wax  and  emulsifiers,  5.5%,  with  hollow  glass  spheres  (GMB)  as  sen¬ 
sitise,  from  to  2.5%,  with  an  initial  density  1 170  kg/m3,  until  21%,  with  initial 
density  of  970  kg/m3.  Theoretical  predictions  of  detonation  velocity  DCj  and 
pressure  Pcj  were  performed  using  THOR  code,  with  three  different  equations 
of  state  BKW,  H9  and  HI,  assuming  a  Chapman-Jouguet  model  of  detonation 
and  a  thermodynamic  equilibrium  of  solid  and  gas  detonation  products.  Ob¬ 
tained  results  are  in  a  good  agreement  with  calculations  of  other  predicting 
codes  and  show  the  non-ideal  behaviour  of  this  kind  of  explosive.  Experimen¬ 
tal  values  of  detonation  velocity  and  pressure,  using  a  double  resistive  wire 
technique  and  shock  induced  polarisation  method,  show  respectively  5340  m/s 
and  12  Gpa.  Increasing  GMB  concentration,  until  21%,  reduces  density  until 
970  kg/m3  and  detonation  velocity  until  2900  m/s.  This  is  the  selected  explo¬ 
sive  to  change  shock  impedance  (obtained  by  density  times  detonation  veloc¬ 
ity)  and  measured  tube  deformation. 

Aluminium  deformation  is  also  predicted  using  DYNA  3D  code,  allow¬ 
ing  the  visualisation  of  position  and  velocity,  as  a  function  of  time.  Correla- 
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tions  to  experimental  results  prove  the  validity  of  this  technology  and  configu¬ 
ration. 

TREATMENT  OF  METALS  WITH  THE  STREEM  OF 
HIGHSPEED  -  PARTICLES. 

Kirsanov  R.G.,  Krivchenko  A.L.,  Isaev  D.V. 

Samara 

The  interaction  of  the  street  of  particles,  dispersed  by  the  energy  of  ex¬ 
plosion,  with  the  target  makes  the  cover  of  the  particles.  If  the  size  of  the  par¬ 
ticles  is  within  the  frame  of  8-100  pm,  and  their  speed  -  1-3  km/s,  some  part  ot 
the  particles  may  penetrate  into  the  target  to  the  depth  of  some  centimeters. 
The  phenomenon  of  superdeep  penetration  of  particles  may  be  effectively  used 
for  the  volumetrical  microalloying  of  metals,  but  the  problem  of  distribution 
of  the  inculcated  material  to  the  depth  of  the  targets  is  the  least  investigated. 

The  research  work  is  dedicated  to  the  investigation  of  the  distribution  of 
the  alloy  in  the  surface  layers  of  the  targets  made  of  tool  steel.  The  target  were 
treated  with  the  street  of  tungsten  particles,  dispersed  by  the  explosive  accel¬ 
erator  We  used  tungsten  powders  of  8  -16  pm  and  20  -  40  pm.  The  mass  was 
constant.  RDX  (7  -  20  g/cm^)  and  HMX  (7  -  12  g/cm^)  were  used  as  explosives. 

The  targets  were  formed  as  cylinders  with  the  height  of  30  mm  and  di¬ 
ameter  -  18  -  20  mm.  We  investigated  the  distribution  of  the  tungsten  with  the 
help  of  apparatus  "Superprob  -  733";  the  diameter  of  the  probe  was  40  pm, 
step  inside  -  100  pm.  The  value  of  tungsten  concentration  on  each  level  was 
deduced  from  the  results  of  6  points. 

The  results  of  the  experiment  witness  that  the  layer  of  tungsten  on  the 
surface  of  the  target  with  concentration  c  =  20  -32%  is  followed  by  the  one, 
which  finds  no  signs  of  tungsten  at  all.  The  thickness  of  this  layer  is  about  200 
pm  We  failed  to  find  the  connection  between  the  thickness  the  unalloyed  zone 
and  the  size  of  the  particles  and  the  type  of  an  explosive  as  well. 

The  absence  of  tungsten  signs  in  the  layer  of  200  mkm  witnesses  that  the 
mass  of  a  moving  particle  on  this  section  is  unchangeable,  what  is  conditioned 
by  many  factors.  From  the  point  of  view  of  the  results  some  of  the  models 
should  be  specified. 

Consequently,  the  results  of  research  work  may  be  of  great  importance  to 
the  finding  out  of  the  process  of  superdeep  penetration  and  practical  applica¬ 
tion  of  the  phenomenon  for  the  treatment  of  metals. 
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MECANISM  INVESTIGATION  OF  SUPER-DEEP 
PENETRATIONS, 

Kirsanov  R.G.,  Krivchenko  A.L. 

SAMARA 

One  of  the  new  technology  in  volume  metal  microalloyingis  the 
process  by  current  of  separate  powder  particles  in  size  8-100  mkm, 
speeded  up  the  energy  explosion  till  velosity  1-3  km/s  (in  this  case  the 
effect  of  super-deep  penetration  is  realazed).  In  using  this  effect,  the 
knowledge  of  this  mecanism  is  important,  that  is  why  done  work  is  de¬ 
voted  to  this  question. 

For  this  reason  the  analysis  of  shock  wave  interactions  and  proc¬ 
ess  kinetics  is  conducted,  accompanying  the  effect  of  super-deep  pene¬ 
tration.  It  is  loked  on  in  succession:  product  detonation  interaction 
with  powder;  product  detonation  interaction,  current  of  separate  parti¬ 
cles  and  material  of  particles  with  target. 

It  is  show  product  detonation  powder  interaction  results  in  parti¬ 
cles  accelaration  till  velosity  1000-3000  m/s;  then  the  cone  of  explosion 
charge  with  height  equal  the  product  of  charge  radius  on  relationship 
speed  to  the  volume  speed  in  product  detonation  takes  part;  and  the 
hitch  of  product  detonation  powder;  the  warming  up  of  particles  in  in¬ 
teraction  with  detonation  wave  and  supplementary  temperature  in¬ 
creasing  for  the  contact  with  warmed  up  gases.  The  estimate  of  parti¬ 
cles  temperature  for  different  metals  has  been  done,  taking  part  in  the 
super-deep  penetration  process. 

The  product  detonation  interaction,  current  of  separate  particles 
and  particles  materials  with  target  is  divided  3  interaction: 

1)  The  weak  -  current  of  product  detonation  with  materials  target; 

2)  The  stronger  -  particles  with  target  materials,  pressure  10-13 
GPa  in  the  whole  surface; 

3)  Locally  strong  -  the  particle  with  surfase  target,  influence  zone 
is  not  about  particle’s  diametre.  In  this  case  the  pressure  is  102GPa. 

It’s  shown  these  interactions  are  reflected  on  the  structure  of  proc¬ 
essing  material. 
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MODIFICATION  OF  THE  MONTE-CARLO  METHOD  FOR 
SIMULATION  OF  THE  PROCESSES  IN  SHOCK  WAVES 

A.L.  Biryukov  L.V.  Katkovsky,  * 

Institute  of  Applied  Physical  Problems,  Minsk,  Belorus; 

* Ministry  of  Defence,  Moscow 

The  Monte-Carlo  (MC)  method  is  widely  used  for  numerical  simulation 
of  the  physical  processes  in  shock  waves  such  as  the  calculations  of  the  state 
equations,  the  partition  and  matter  state  functions,  the  phase  transmissions, 
the  collision  and  chemical  reaction  rates,  the  radiation  transfer  and  etc.  The 
calculations  of  the  thermodynamic  parameters  and  their  distributions  along 
the  axes  perpendicular  to  the  shock  wave  front  are  practically  always  reduced 
to  the  problem  of  the  computations  of  the  multiple  integrals  or  the  various 
functionals  defined  by  a  Fredholm  equation  of  the  2-nd  kind.  The  various 
variants  of  quota  sampling  in  the  MC  method  are  often  used  as  the  way  of 
improving  the  computational  efficiency  both  for  the  multiple  integrals  [1,2] 
and  for  the  integral  equations  [3,4].  In  this  work  the  new  versions  of  a  quota 
sampling  are  proposed  and  some  new  quota  (group)  distributions  applicable 
to  the  integrals  and  the  integral  equations  are  studied.  In  the  case  of  the  inte¬ 
gral  equations  breaking  up  into  groups  is  performed  in  the  all  possible  trajec¬ 
tory  space,  Q. 

For  the  calculation  of  the  integral  F  -  £  F{x)dx  over  a  multidimen¬ 
sional  region  Q  let  us  define  the  normalized  probability  density  /?(x)  for  the 
distribution  of  the  random  points  in  Q.  Let  the  simple  MC  method  estimate 
(without  breaking  up  into  groups)  ^  =  F(x}/ /?(x)  has  the  value  of  the 

variance  [1,2],  N  -  the  number  of  the  random  points  in  Q.  If  the  region 

Q  is  breaking  up  into  M  disjoint  sets  Aa,  let  the  variance  of  the  corresponding 
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estimate  £  =  pa  F(x)/ p(x) ,  (xeA.),  be  DN%  ,  where 

M  - 

y  Na  =  N  ,  Pa  ~  \  P(x)dx  •  11  is  we^  known’ that  ^ 

or=l 

yy  j N  =  pa  =  7T^ .  We  have  proved  that  the  point  distribution  71  a  is  a 
particular  case  of  more  general  one  that  leads  to  the  decrease  of  the  variance 
of  quota  sampling: 

NjN  =  P^:/tpUa^aS^ 

/  a=\ 

for  any  U  >  0,  V  >  0 ,  that  satisfy  the  relation  U+V  —  1.  Here 
(j)  —  F2(x)/ p{x)dx  .  Some  other  distributions  that  decrease  the  quota 

sampling  variance  have  been  also  found.  For  a  given  set  |Aa  j  and  p(x) 
there  is  known  the  distribution  Na/N  [1],  that  gives  the  absolute  minimum 

of  the  variance  DN%  ,  but  this  distribution  is  very  hard  for  practical  realiza¬ 
tion.  The  advantage  of  any  distribution  can’t  be  determined  in  advance  as  a 
rule.  The  efficiency  of  the  MC  calculations  is  influenced  by  the  complexity  and 
the  accuracy  of  the  computations  of  such  values,  as  ®a  and  others,  the  possi¬ 
bility  and  simplicity  of  realization  of  the  corresponding  distributions.  Eight 
various  distributions  were  studied.  We  have  shown  that  breaking  up  of  Q  only 
into  two  groups  for  the  integral  gives  the  decrease  of  the  variance  (sometimes 
considerable)  with  respect  to  sampling  without  breaking  up. 

For  the  Fredholm  integral  equation  of  the  2-nd  kind  in  a  multidimen¬ 
sional  phase  volume  V: 

e{x)  =  jK(x',x)£(x')dx'  +  <p(x) 

V 

and  the  dependent  functional  F  represented  by  the  convergent  Neumann 
series: 

F  S  \s(x)f{x)dx  =  jr  J. . .  j<p(x0  )fc(x0 ,  x, ). .  X{x„A ,  x„  )f(x„  >&„... 

n=0  v  V 

the  /i-component  trajectory  an  is  defined  as  a  set  of  multidimensional 
space  points  an  =  |x0,Xi,.  ,n  =  1,2,...;  Xi  eV  ,  i  =  l,2,...,/i.  Let 


236 


the  set  of  the  al!  virtual  trajectories  be  broken  up  into  the  finite  or  denumer¬ 
able  number  of  nonoverlapping  subsets  Aa:  F  —  ^  Fa  , 

a 

Fa=  Z  <KX0  >*l  )•  ■  •  K(Xn-l  )/(*„  )  =  ZTK)’ 

and  also  the  summation  over  an  involves  both  the  integration  on  phase 
space  and  summation  on  n.  Considering,  that  the  kernel  of  the  integral  equa¬ 
tion  K(x\x)  is  characterized  by  the  decrease  scale,  /(x),  depending  on  |x  -  x'j, 
(for  example,  for  the  integral  equation  of  the  radiation  transfer,  /(x)  -  is  the 
photon  mean  free  path),  that  in  the  common  case  is  a  function  of  x,  let  us  de¬ 
fine  the  optical  length  (by  analogy  with  the  radiation  transfer  equation)  in  of 
the  n-component  trajectory  a„  by  the  following  way: 

=  r(0=  Z|j>H  = 

/=]  '  1  '  /'=! 

where  the  integration  is  made  along  the  ray  x,-ixy .  For  breaking  up  of  the 
set  Q  into  the  finite  number  of  M  groups  we  specify  the  nonnegative  numbers 

pQ  =  0,/?j  ,  dividing  half-open  interval  [0;  oo]  on  M  parts,  and  as¬ 

sume,  that  an  e Aa,  if  pa_l<rn<pa,  a  =  1,2,..., M-l, 

an  E  A  if  Tn  >  pM_ j  .  We  give  the  definition  of  the  trajectory  of  prob¬ 
ability  density,  that  guarantees  belonging  of  an  to  Aa.  The  collision-like  esti¬ 
mate  has  been  constructed  for  breaking  up  of  Q  into  the  groups  Aa  being  de¬ 
scribed  above.  The  method  of  the  numerical  realization  of  the  various  trajecto¬ 
ries  distributions  over  the  groups  has  been  proposed.  It  is  based  on  the  ran¬ 
dom  walks  between  the  states  of  the  regular  Markov  chain,  composed  by  the 
totality  of  all  virtual  trajectories.  It  was  shown  that  the  use  of  the  quota  sam¬ 
pling  in  the  trajectory  space  depending  on  their  “optical”  length  for  solving  in¬ 
tegral  equations  improves  the  efficiency  of  MC  calculations.  The  best  results 
for  the  model  radiation  transfer  equation  and  the  great  optical  thickness  of  V 
were  received  for  the  case  of  the  uniform  trajectory  distribution  over  groups. 
The  accuracy  was  the  order  of  magnitude  better  than  without  quoting.  At  that 

Pa  ~~  Pa-\  was  approximately  equal  to  the  effective  optical  thickness  of  V, 
and  the  number  of  groups  were  M  ~  2-^10. 

1 .  I.M.  Sobol,  Chislennve  metody  Monte-Carlo,  Izd.  Nauka,  Moskow,  1973. 
-311  p. 

2.  S.M.  Yermakov,  G.A.  Mikhaylov,  Kurs  statisticheskogo  modelirovaniya, 
Izd.  Nauka,  Moskow,  1982.  -  319  p. 

3.  L.V.  Katkovsky  //  Doklady  Academii  Nauk  BSSR,  1980,  v.  24,  No.  10, 
pp.  902-905.  L.V. 
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4.  Katkovsky,  V.I.  Kruglov,  Yu.V.  Khodyko  //  Acta  Physica  Polonica,  1980, 
v.  Bll,  No.’ 10,  pp.  707-715. 

MOLECULAR-DYNAMICS  INVESTIGATION  OF  THE  DE¬ 
SENSITIZATION  OF  DETONABLE  MATERIAL 

Betsy  M.  Rice,  William  Mattson,  and  Samuel  F.  Trevino, 

U.  S.  Army  Research  Laboratory,  APG  MD  21005  USA 

A  molecular-dynamics  investigation  of  the  effects  of  a  diluent  on  the 
detonation  of  a  model  crystalline  explosive  is  presented.  The  diluent,  a  heavy 
material  that  cannot  exothermally  react  with  any  species  of  the  system  is  in¬ 
serted  into  the  crystalline  explosive  in  two  ways.  The  first  series  of  simulations 
investigates  the  attenuation  of  the  energy  of  a  detonation  wave  in  a  pure  ex¬ 
plosive  after  it  encounters  a  small  layer  of  crystalline  diluent  that  has  been  in¬ 
serted  into  the  lattice  of  the  pure  explosive.  After  the  shock  wave  has  traversed 
the  diluent  layer,  it  reenters  the  pure  explosive.  Unsupported  detonation  is  not 
reestablished  unless  the  energy  of  the  detonation  wave  exceeds  a  threshold 
value.  The  second  series  of  simulations  investigates  detonation  of  solid  solu¬ 
tions  of  different  concentrations  of  the  explosive  and  diluent.  For  both  types 
of  simulations,  the  key  to  reestablishing  or  reaching  unsupported  detonation  is 
the  attainment  of  a  critical  number  density  behind  the  shock  front.  Once  this 
critical  density  is  reached,  the  explosive  molecules  make  a  transition  to  an 
atomic  phase.  This  is  the  first  step  in  the  reaction  mechanism  that  leads  to  the 
heat  release  that  sustains  the  detonation.  The  reactive  fragments  formed  from 
the  atomization  of  the  heteronuclear  reactants  subsequently  combine  with  new 
partners,  with  homonuclear  product  formation  exothermally  favored.  The  re¬ 
sults  of  detonation  of  the  explosive-diluent  crystals  are  consistent  with  those 
presented  in  an  earlier  study  on  detonation  of  pure  explosive 

[B.  M.  Rice,  W.  Mattson,  J.  Grosh,  and  S.  F.  Trevino,  Phys.  Rev.  E  53, 

611  (1996)]. 
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DETONATION  HUGONIOTS  FROM  MOLECULAR  DY¬ 
NAMICS  SIMULATIONS 

J.  W.  Mintmire,  D.  H.  Robertson,*  D.  R.  Swanson, 
and  C.  T.  White 

Naval  Research  Laboratory,  Washington,  *  Indiana  University, 
Purdue  University,  Indianapolis,  IN 

Processes  at  condensed-phase  shock  fronts  can  occur  on  such  short 
time  (sub-picosecond)  and  length  (sub-nanometer)  scales  that  they  are 
ideal  for  classical  molecular  dynamics  (MD)  simulations^ -3]  that  follow 
individual  atomic  trajectories.  Although  starting  from  an  atomic-scale 
description,  MD  simulations  have  also  proven  able  to  treat  enough  at¬ 
oms  for  long  enough  times  to  describe  continuum  properties  of  planar 
shock  waves  in  non-energetic  materials]!]  --including  such  complex  hy¬ 
drodynamic  behavior  as  shock- wave  splitting  caused  by  a  polymorphic 
phase  transition^].  Therefore,  MD  simulations  hold  great  promise  both 
for  studying  discrete  shock-induced  chemistry  in  energetic  materials[3] 
and  for  directly  relating  this  atomic-scale  chemistry  to  the  continuum 
properties  of  planar  detonations  successfully  described  by  the  hydrody¬ 
namic  theory  of  compressive  reactive  flows[4].  A  better  understanding  of 
the  relationship  between  atomic-scale  chemistry  caused  by  shock  waves 
and  the  continuum  properties  of  condensed-phase  detonations  could  aid 
in  the  design  of  safer,  more  reliable  explosives. 

MD  simulations  of  chemically-sustained  shock  waves,  however,  re¬ 
quire  new  many-body  potentials  capable  of  simultaneously  following  the 
dynamics  of  thousands  of  atoms  in  a  rapidly  changing  environment,  while 
including  the  possibility  of  exothermic  chemical  reactions  proceeding  along 
chemically  reasonable  reaction  paths  from  cold  solid-state  reactants  to  hot 
gas-phase  molecular  products.  In  addition,  for  a  molecular  solid  (which  is 
typical  of  many  energetic  materials),  these  potentials  must  incorporate 
both  the  strong  intramolecular  forces  that  bind  atoms  into  molecules  and 
the  weak  intermolecular  forces  that  bind  molecules  into  solids.  Over  the 
last  several  years  we  have  developed  a  model  energetic  diatomic  molecular 
solid  based  on  many-body  potentials  that  have  these  key  ingredients. 
Simulations  establish  that  this  model  can  support  a  chemically-sustained 
shock  wave  with  properties  that  are  intrinsic  to  the  material  and  consistent 
with  experimental  results  and  the  classic  Zel'dovich,  von-Neumann,  and 
Doering  (ZND)  continuum  theory  of  planar  detonations[5].  Remarkably, 
we  find  that  when  a  chemically  sustained  shock  wave  is  achieved,  near 
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steady-flow  conditions  are  reached  at  50  nm  behind  the  shock  front  in  as 

little  as  15  ps.  . 

Our  previous  studies  of  piston  driven  shock  waves  were  limited  to 

simulations  of  unreacting  systems[2],  but  we  have  recently  applied  this 
method  to  a  series  of  detonating  systems  as  well.  This  technique  allows 
the  rear  boundary  condition  behind  the  detonation  front  to  be  varied, 
and  subsequently  for  significant  averaging  of  the  pertinent  thermody¬ 
namic  variables.  These  simulations  provide  a  means  to  directly  calcu¬ 
late  the  detonation  Hugoniot  without  having  to  determine  the  equa¬ 
tion  of  state  of  the  system  from  the  model  potential.  A  series  of  model 
systems,  which  exhibit  a  dissociative  phase  transition  to  varying  extent, 
was  produced  by  modifying  the  range  of  the  reactive  many-body  po¬ 
tential.  The  effect  of  this  phase  transition  on  the  detonation  Hugoniot, 
which  is  in  good  agreement  with  continuum  theory [4],  will  be  pre¬ 
sented.  These  promising  results  demonstrate  that  MD  simulations  us¬ 
ing  reactive  many-body  potentials  provide  a  powerful  probe  of  the  in¬ 
terplay  between  the  continuum  properties  of  shock  waves  and  the 
atomic-scale  chemistry  they  induce  in  condensed-phase  detonations. 

This  work  was  supported  in  part  by  ONR  through  NRL  and  the 
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KoJibuo  cafiTOB  HeKOHMepsecxnx  OpraHwaaiwii  - 

KOnbUO  CTpaHMU  M  CaSTOB  HKO 

SKCno  Web  Kontpo  -  KO/ibuo  CTpaHviu  n  cafiTOB 
BbICTaBOK  M  HpMapOK 

TPAHCIIOPT  WWW  KoJTbpo  -  KO/ibUO  CTpaHMp  n 
cafiTOB  TpaHcnopTHhix  opraHW3aunn 


HAUHOHA/IbHOE  MH<D0PMAL|M0HH0E  nAPTHEPCTBO  «H0PE> 

125315  y/i.  YcneBHHa,  20A  MocKaa  Poccma 
(095)152  6052,  155  4424,  E-mail : mo re@a ha. ru 


